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ADDITIONAL OBSERVATIONS ON THE DEVELOP- 
MENT OF THE EYE WORM OF POULTRY 


by 


JOHN W. FIELDING 
(Australian Institute of Tropical Medicine, Townsville). 
(Submitted for publication 15th December, 1927.) 


The post-embryonie development of nematodes, which is on the whole insuffi- 
ciently known, has been divided by Looss (1911) into five periods, four larval 
and one adult stage, separated by four moults. This division is commonly used. 
hut according to Yokogawa (1922) does not hold good for Heligmosomum muris, 
since he found that there were actually only four stages separated by three 
moults, the last moult being incomplete, the adult showing a double cuticle. He 
considers that the entrance of the larvae into the host is comparable to a second 
moult. The present paper deals with the various stages in the development of 
the larvae of the eye worm of poultry in the intermediate host, a cockroach 
Leucophaea (Pycnocelus) surinamensis L., in North Queensland. 

The Eggs. Ransom (1904) gives the measurements of the mature eggs of 
Oxyspirura mansoni as 0-05 to 0-065 mm. by 0-04 to 0:045 mm. Sweet (1910) 
states that in the Australian worm, named by her O. parvovum, they are much 
smaller (0-033 to 0-045 mm. by 0-025 to 0-030 mm.). My own measurements of 
both species, covering a fairly long series. did not show such a divergence in 
size; those of O. mansoni (old, fixed, and mature eggs) averaged 0-043 by 
0-031 mm., and of O. parvovum (fresh, mature eggs) 0-041 by 0:030 mm. In 
the vagina and lower portion of the uterus the eggs are seen to contain embryos. 
When segmentation begins the eggs appear much elongated (0-024 to 0-028 mm. 
by 0-012 to 0-014 mm.), with almost square ends. On hatching they show a 
clear line of fracture at one or both poles. 

First Stage Larvae. The newly-hatehed larvae are very active, but survive 
only for a very short time in cultures. Sanders sueceeeded in Florida in keeping 
the larvae alive for two months, after which time they measured 1-5 mm. long. I 
am not aware whether he noted any eecdysis during this period. We were unsue- 
cessful when using cultures, but sueceeded in rearing the worms by feeding the 
eggs to the cockroaches Leucophaea surinamensis. On hatching in this intermedi- 
ate host the larvae were very active, and remained so. They were found in the gut 
from the third to the tenth day, measuring 0-23 to 0-26 mm. in length and 0-012 
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to 0-014 mm. in width. From the tenth to the fourteenth day they were observed 
in the body eavity, generally measuring from 0-32 to 0-36 mm. long by 0-018 
to 0-020 mm. wide, but a few individuals were encountered which were only 
about the size of those seen in the gut, indicating possibly that they were new 
arrivals in this location. On the seventeenth and eighteenth days the larvae 
had mostly attained the stage of encapsulation when they measured from 0-485 
to 0-6 mm. by 0-026 to 0-028 mm., while the capsules were more or less oval 
(0-22 to 0-27 mm.). At this stage the larvae are lethargie and difficult to 
extricate from the capsule; most probably it is at this time that moulting begins, 
but no definite information could be obtained until the twenty-fifth day, when 
a few larvae were recovered which were apparently in the final stage of casting 
their first cuticle. These first stage larvae are, so far as could be seen, only 
slightly attenuated at both ends, the anterior being rounded and the posterior 
very bluntly pointed. Anteriorly there is a small eup-like cavity, evidently a 
rudimentary bueeal cavity, from which the filariform oesophagus extends back 
for approximately one-fifth of the body length. The skin is comparatively thin 
throughout, the body eavity is extremely small, and the anal opening is not 
evident. At approximately one-third and two-thirds of the body length from the 
posterior end are two rounded structures, of which the former is most probably 
the genital primordium, while the latter is perhaps associated with the 
oesophageal or cervical glands. Posterior to the genital primordium there are 
apparently numerous very small cells, extending to the anal region. 

On the twenty-fifth day some of the capsules collected were in the same 
state as those obtained on the seventeenth and eighteenth days, and these larvae 
‘were considered to be in the first stage. 

Second Stage Larvae. It was considered that by the twenty-fifth day the 
second stage had been attained. Some had obviously completed their moulting, 
while others were partly enclosed in an envelope, apparently the remains of the 
former cuticula. Under experimental conditions it would appear that it is at 
this stage that the major portion of larval growth occurs. The shape very 
closely resembles in miniature the adult worm, but the tail is somewhat rounded 
and not pointed, as in the adult. In some specimens in the early stage there is 
a covering over the anus. This was at first considered to be an anal button, but 
as it was not encountered in all specimens. and was not uniform in size ani 
shape, it would appear that its presence is merely accidental. In the later stage 
larvae there appeared to be present on the tail four small papillae. The capsules 
measured 0-34 to 0:38 mm. in diameter, the contained larvae being 0-63 to 


Fig. 1. First stage larva from body cavity of cockroach. 


Fig. 2. Head of early second stage larva. 
Fig. 3. Tail of early second stage larva. 
Fig. 4. Head of late second stage larva. 
Fig. 5. Tail of late second stage larva. 
Fig. 6. Head of third stage larva. 








-* 


eee ie 


LEE 


a) 
an 
= 
~ 
eo) 
Ay 
hy 
eo) 
= 
ra 
S 
— 
_ 
ea) 
> 
ea 
x) 
an 
e 





Le 


SSA IN 


Gladys Rober 
ant 


Fig 








JOHN W. FIELDING 


1-01 mm. in length and 0-028 to 0:035 mm. in width. By the thirty-seecond and 
thirty-ninth days the larvae showed a distinct increase in size, measuring 1-91 
to 2:09 mm. by 0-073 to 0-082 mm. and 3-5 to 3-8 mm. by 0-118 to 0-127 mm. 
on the respective days. By the forty-sixth day they were obviously undergoing 
a further eedysis, and had attained 4:6 to 4:9 mm. in length by 0-127 to 
0-145 mm. in width. 

For detailed measurements of this stage a larva, 3-6 mm. long by 0-125 min. 
wide, was selected. The skin appears to be distinetly but finely striate trans- 
versely, and is about 0-008 mm. thick. Definite papillae were not seen on the 
head. The pharynx in its anterior portion appears as a small cup, measuring 
about 0:008 by 0-008 mm., the succeeding part, which extends a distance of 
0-078 mm., being only slightly narrower. The nerve ring and excretory pore 
are situated about 0:156 and 0-24 mm. respectively from the anterior end. 
There is a slight constriction at about 0-728 mm. from the head end, probably 
separating the oesophagus from the intestine, which has a very narrow lumen. 
The anal opening is about 0-195 mm. from the tip of the tail. The rectum is 
surrounded by three or four fairly large ovoid glands and a number of small 
cells. Situated about 0-273 mm. from the tip of the tail is a somewhat oval 
structure, 0:0195 mm. by 0-008 mm., considered to be the genital primordium. 

Third Stage Larvae. By the fifty-seecond day the larvae had obviously 
undergone a further’ ecdysis, and were now in the third or infective stage, as 
was proved by feeding the infected cockroaches to chickens, whose eyes soon 
showed the presence of larvae. Further examinations of naturally infected 
cockroaches revealed the fact that third stage larvae can attain a length of 8-5 


‘to 9 mm., this stage thus varying from 4 to 9 mm. On entering the final host 
they apparently prepare for a further eedysis. The tail is more elongate, 
approximating that of the adult worm. The head end appears bossed, due to 
the presence of papillae; the buccal cavity somewhat resembles that of the adult, 
but is slightly smaller, the anterior portion measuring about 0-015 mm. long 


by about 0-02 mm. wide, the somewhat narrower posterior portion being slightly 
longer than it is wide. The oesophagus is about 1 mm. long by 0-04 mm. 
anteriorly, and 0-056 mm. posteriorly. The nerve ring is situated from the 
anterior end between 0-214 to 0-234 mm., with the excretory pore about 0-1 mm. 
behind it. The anus opens about 0-3 mm. from the tip of the tail; there are four 
fairly large gland-like structures and a number of small cells in close association 
with the rectum. The genital primordium, which is much larger than in the 
previous stage, is situated about 0-9 mm. from the tip of the tail. 

Fourth Stage Larvae. On the day after reaching the final host moulting 
begins, and is completed by the third or fourth day, when the larvae enter their 
fourth stage. Under experimental conditions they then grow from 4-55 to 
8-46 mm. in length, and after about eleven to twelve days apparently begin their 
final eedysis. The pharynx is now similar to, but somewhat larger than, that of 
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the preceding stage; the length of the oesophagus is variable but the diameter 
is more constant. The nerve ring and associated cells appear very prominent, 
the former lying at from 0-214 to 0-234 mm. from the anterior end; while the 
excretory pore is situated 0-08 to 0-1 mm. behind the ring. It is in this stage 
that the sexes can be distinguished ; the uterine tubes can be plainly seen extend- 
ing a distance of 2-3 to 3-6 mm. from the posterior extremity and ending in a 
round knob; in some specimens the vulva can be made out plainly at a point 
between 0-64 and 0-73 mm. from the tip of the tail. The anus is situated at 
0-31 to 0-37 mm. from the posterior end. 

The Adults. The adults are attenuated at both ends, the anterior being 
rounded, while the posterior gradually tapers to a point. There appears to be 
some difference of opinion regarding the cuticula. Magalhaes (1888, 1895) 
describes it as being finely striated transversely. Megnin states that there is 
no visible striation. Ransom (1904) mentions that it is very transparent and 
perfectly smooth; but Sweet states that it has very fine transverse striations and 
some faint longitudinal ones, which are finer than those due to the polymyarian 
structure of the muscle layer. After an examination of a great amount of 
material, both American and Australian, as well as larval worms in the different 
stages, IT have come to the conclusion that there are no striations evident, either 
transverse or longitudinal, except in the case of the second stage larvae, which 
have well-marked but fine transverse striations. The muscle fibres of the body 
wall are plainly evident through the cuticle as coarse longitudinal striations. 
The mouth may be cireular or somewhat oval, the pharyngeal opening being 
more or less closed by a cuticular membrane, which is referred to by Ransom as 
the cireumoral cuticular ring. The mouth part is surrounded by six small oral 
papillae, four of them submedian and two lateral, the latter sometimes difficult 


to see. Posterior to these there are four others, sublateral, and fairly large. The 
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nerve ring varies somewhat in position from 0-27 to 0-32 mm. from the anterior 
end. The excretory pore is also variable in its position. This variation is not 
always in conformity with the size of the worm, opening at about 0-32 to 
0-38 mm. from the anterior end in medium-sized specimens, and up to 0-45 mm. 
in some of the larger specimens. In relation to the excretory pore on each side 
of the body there are small cervical papilla. I have been unable to demonstrate 
with any degree of certainty the presence of caudal papillae in either the 
American or the Australian worms. The length of the pharynx is variable, and 
ranges between 0-036 to 0-056 mm.; the anterior portion is shorter and wider, 
being from 0-02 to 0-03 mm. long by 0-030 to 0-035 mm. in width; the posterior 
portion appears more cylindrical, measuring from 0-02 to 0-03 mm. long by 0-016 
io 0-024 mm. wide, being slightly wider where it overlaps the oesophagus. The 
latter is club-shaped, varying in length from 1-0 mm. to 1-547 mm., wider pos- 
teriorly than anteriorly, and somewhat bulbous. 
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Male. Cobbold gives the length of the male as 16 mm.; Magalhaes as 14 
mm.; Megnin as 12 mm.; Ransom as 10 to 14 mm. by 0-2 to 0-35 mm. in 
diameter, stating that the smaller worms were immature; while Sweet gives a 
range between 9-2 and 14-5 mm. in length by 0-26 to 0-33 mm. in diameter. 
My observations indicate that the extremes are even greater, ranging from 8-2 
mm. long in specimens which had just attained maturity to 15-47 mm. in older 
specimens, the mid-diameter ranging from 0-254 to 0-327 mm. The width in 
the region of the posterior portion of the pharynx and the cloaca appear more 
consistent, averaging 0-074 and 0-136 mm. respectively. 

The distance from the tail to the cloaca is very variable (0-253 to 0-390 mm.). 
There appears to be a difference of opinion regarding the number of anal 
papillae. Magalhaes states that there are eight pairs, three postanal and five 
preanal. Megnin mentions five pairs, Ransom six pairs (three preanal, two 
postanal, and one pair adanal and somewhat sublateral. Sweet states that in 
the Australian worms there are only five pairs. failing to find the adanal or 
sublateral papillae. After an examination of a large number of specimens I 


have been unable to see any really definite papillae, except in two or three 
instances, where they were fairly large structures, considered to be preanal 
papillae, in the position indicated by Ransom, but the presence of caudal 
papillae is doubtful. The long spieule measures from 3-64 to 4:55 mm. by 


about 0-012 mm. in diameter; at its base it is almost twice as wide. The second 
spicule is much shorter, and measures from 0-214 to 0-235 mm. by 0-03 to 
0-043 mm. in maximum thickness, and is somewhat boat-shaped. The testis 
begins anterior to the middle of the body as a slender cord, gradually increasing 
in diameter, making some short loops backward and forward, sometimes extend- 
ing anterior to the junction of the oesophagus and intestines. From the middle 
of the body it runs in an almost straight line to a point about 1-5 mm. from the 
anus, where there is a constriction, separating the wide, thin-walled, seminal 
vesicle from the ejaculatory ducts, which joins the intestine about 0-1 mm. from 
the anal opening. No evidence of swollen cuticular wings anteriorly (Sweet) 
was obtained, but numerous specimens were seen in which there was an undoubted 
constriction near the head. 

Female. The measurements of the female worms have been variously gtven. 
Magalhaes gives a table of measurements of various organs of five females. 
The average length of the worm according to him is 16:2 mm. Ransom indicated 
that they ranged between 12 and 18 mm. in length, with a diameter of 0-4 to 


Fig. 7. Head showing pharynx, fourth stage larva. 

Fig. 8. Anterior end, showing oesophagus and nerve ring, fourth stage larva. 
Fig. 9. Tail, genital tubes, fourth stage larva. 

Fig. 10. Head of recently mature male. 

Fig. 11. Tail of recently mature male. 


All drawings executed with the camera lucida. 
Explanation of lettering: a.p., anal and adanal papillae; s.s., short spicules. 





8 JOHN W. FIELDING 


0:48 mm. at the middle of the body: 0:05 mm. at the anterior end; 0-21 to 
0-28 mm. at the vulva; and 0:09 to 0-1 mm. at the anus. Sweet gives the range 
as 13-5 to 20 mm. long by 0-27 to 0-39 mm. in diameter. My measurements of 
six females ranged between 15:47 and 17-38 mm., averaging 16-64 mm. in length. 
The minimum observed was much less than that above, one female which had 
just attained maturity, and had started egg-laying, measuring only 7-6 mm. 
The diameter ranged between 0-27 to 0-42 mm. at the middle of the length. 
The vulva is situated in the posterior part of the body, at a variable distance 
from the tip of the tail: Magalhaes, 1-0 to 1-33 mm.; Ransom, 1-0 to 1-4 mm.; 
Sweet, 0-78 to 1:07 mm.; Fielding, 0:91 to 1-55 mm. The anus is distant from 
the tip of the tail between 0-364 to 0-509 mm. (Ransom, 0-40 to 0-53 mm. ; Sweet, 
0-39 to 0-44 mm.: Magalhaes, 0-4 to 0-53 mm.). The nerve ring lies at about 
0-27 to 0:32 mm. from the anterior end (Ransom. 0-25 mm.; Sweet, 0-22 to 
0:30 mm.), and closely associated with it are some fairly large cells with promi- 
nent nuclei—ganglion cells (Magalhaes). The excretory pore opens at about 
0-05 to 0-13 mm. behind the nerve ring. The two large swollen uteri unite to 
form the vagina a short distanee (0-8 to 1-3 mm.) in front of the vulva. 


SUMMARY. 


The development of the eve worm of poultry has been followed in detail 
from egg to adult. Its course is described with observations on the morphology 
and measurements of the different stages. 
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THE INFLUENCE OF THE SYMPATHETIC NERVES 
ON SKELETAL MUSCLE 


by 
A. E. COATES AND O. W. TIEGS 


(From the Departments of Anatomy and Zoology, University of Melbourne). 
(Submitted for publication 22nd December, 1927.) 


The Sympathetic Innervation of Skeletal Muscle Fibres. 

The morphological basis of this investigation is the discovery of Boeke that 
skeletal muscle fibres are innervated from two sources, from the spinal and 
from the sympathetic nervous systems. This observation has been confirmed by 
various authors, Agduhr, Kuré, Kuntz and Kerper, Garven, and others. 

Boeke’s last paper (11) may be referred to for the most recent and thorough 
investigation of the problem. By means of degeneration experiments he demon- 
strates the sympathetic origin of a very extensive system of non-medullated 
fibres ending upon the fibres of the extrinsic muscles of the eye; most of these 
endings disappear when the superior cervical ganglion is removed. On account 
of the shortness of the fibres of the oculo-motor muscles, these constitute a 
particularly favourable object for a quantitative estimate of the number of 
fibres that have a sympathetic supply. With this material Boeke finds that 
within the limits of error afforded by the Bielschowsky technique, probably every 
muscle fibre has at least one sympathetic fibre ending upon it. Examination 
of intercostal muscles after degeneration of their spinal nerves, reveals a similar 
extensive sympathetic supply. Sympathetic fibres are apparently also found 
ending upon fibres of limb muscles (Agduhr, 3), but a quantitative estimate of 
the extent of the sympathetic supply in this region has not been found possible. 
Garven (24) has demonstrated numerous accessory endings, apparently of 
sympathetic origin on the panniculus earnosus muscle of the hedgehog. 

In contradiction to the work of Hunter and Latham, Boeke finds, in agree- 


ment with Garven, that every muscle fibre is supplied by a motor nerve of spinal 
origin. In the muscles of the eye and tongue it seems that most of the muscle 
fibres have a double nerve supply; probably this is true also for the intercostal 
muscles, but to what extent both sets of fibres are simultaneously involved in 
the limb muscles is unknown. The investigation of the latter is complicated by 
the great length of the fibres involved ; it cannot indeed be said that a satisfactory 
demonstration of sympathetie endings in this situation exists. 
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The investigation, both from a morphological and a physiological standpoint, 
is complicated by the fact that large numbers of very fine non-medullated (?) 
fibres, as pointed out by Boeke, emerge from the anterior roots of the spinal 
nerves and pass direct to the muscles. Attention has already been called to these 
fibres by Langley (42). In the eye muscles these fibres appear to end upon 
muscle fibres by typical ‘‘sympathetie endings’’. It is by no means impossible, 
therefore, that these fibres may form similar accessory endings on the muscle 
fibres of the limbs. Boeke considers it necessary to extend the use of the term 
sympathetic to cover this second system of fibres; their cell-stations will accord- 
ingly lie within the central nervous system. No surgical skill can isolate these 
fibres from the medullated spinal nerves, and at present their function is beyond 
our methods of investigation. 

In the present research we use the term sympathetic in its restricted sense ; 
and we have confined our investigation to a consideration of the possibility of 
the sympathetic system participating in muscular action, without necessarily 
inferring that this is identical with the problem of the function of all the 
accessory nerve endings. 

Although an extensive sympathetic supply to the limb museles has never 
been demonstrated,’ we have undertaken a special study of the effects of the 
removal of the sympathetic upon these muscles, since it is here that positive 
results have been reported by various observers (De Boer, Langelaan, Hunter 
and Royle, and recently Kuntz and Kerper. It cannot be too strongly stressed 
at the same time that the morphological basis of the investigation, when applied 
to limb muscles, is not secure. Langley (42), indeed, concludes that there is 
ho extensive supply of sympathetic fibres to limb muscles; but doubt attaches 
to his conclusions, since he finds the same for intercostal muscles, where Boeke 
has sueceeded in demonstrating accessory endings of sympathetic origin. 

To reveal the function of the sympathetic accessory fibres, a number of 
investigators during the last twenty years have examined the effect of removal 
of these nerves upon muscle tone. The idea that tone might be subserved by 
the sympathetic system was apparently first suggested by Mosso in 1904. The 
theory was first examined experimentally by De Boer in 1913, who deseribed 
a loss of tone in the muscles of frogs and eats after being deprived of their 
sympathetic supply ; similar experiments by Dusser de Barenne, van Rijnberk, 
Cobb, and others gave negative results. These and similar investigations have 
recently been reviewed by E. A. Spiegel (64), Cobb (15), and Coman (16), and 
these papers may be referred to for more complete references to the literature 
on the question. De Boer’s conclusions were, however, corroborated by Lange- 
laan (40), and recently in a forceful manner by the work of Hunter (32, 33. 
34), and Royle (57, 58). Royle observed that in the decerebrated goat extensor 





1 Satisfactory evidence for their existence appears now to be available in the recent 
work of Kuntz (Journ. Comp. Neurol. 43 (1927), 357). 
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rigidity could not long be maintained in the limb which had been deprived of 
its sympathetic supply. On the basis of these observations he devised the opera- 
tion of ramisectomy for the relief of spastic paralysis in human beings; strikingly 
successful results were obtained. Later operations by Royle do not seem to have 
been so successful, and in the hands of Kanavel. Pollock and Davis (37), and 
of others, the operation has definitely failed. Hunter’s experiments were carried 
out mainly on birds. From an analysis of the inervation of postural tone in 
the bird’s wing, he offers apparently the most striking evidence in support of 
the theory that the sympathetie system plays a fundamental part in maintaining 
tonie muscular contraction. His results have been confirmed by Kuntz and 
Kerper (39); Walshe (70, 71). on the other hand, has adversely criticized 
Hunter and Royle’s conelusions, and has drawn attention to certain important 
discrepancies between the experiments of Hunter and those of Trendelenburg 
on birds. Nevertheless, despite these discrepancies, it seems that if the remaining 
observations of Hunter be correct (observations which have been confirmed by 
Kuntz and Kerper), then Hunter’s exposition must in the main be valid. The 
success of Royle in weakening the extensor rigidity in decerebrated goats, in 
contrast to the consistent failure of all other observers to obtain the effeet, when 
using cats and dogs as experimental animals, might conceivably be attributed 
to a difference in the postural reflexes of goats. Decerebration apparently 
releases the postural reflexes of the sub-cortical centres, but it does not neces- 
sarily follow that the released centres will behave in the same way in different 
animals. It might readily be that in goats the liberated sympathetic postural 
are, if such existed, might be much more active than in the decerebrated cat or 
dog, and the difference in the results obtained by Royle and all other observers 
would be explained. A weakness in Royle’s conclusions lies in the fact, however, 
that the effect can only be obtained when a considerable time (many weeks) 
elapses between removal of sympathetic and subsequent decerebration. 

Hunter (34) has described a marked effect of removal of the sympathetic 
upon the knee-jerk, the operated limb showing a much sharper twitch, and 
differing from the normal jerk in the shortening of the relaxation phase. 

That the sympathetic system controls tonie contraction has been discounted 
on the ground that stimulation of the rami communicantes does not bring about 
muscular shortening. Langelaan has indeed described such an effect in frogs, 
but Cobb considers his results meaningless, due to the unreliability of stimulating 
sympathetic nerves alone in so small an animal, and on account of the very 
minute effects observed. Hunter meets the objection that stimulation experi- 
ments fail to produce contraction, by asserting that the sympathetie ‘‘fixes’’ 
the fibres at the length to which they have contracted, so that contraction of 


muscle on stimulating these nerves should not result. Experiments which have 
seemingly yielded positive results have, however, recently been reported by 
Langworthy (43); strong stimulation of the lingual nerve after hypoglossal 
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degeneration produces slow, ill-sustained muscular contraction, due, it is sug- 
gested, to stimulation of autonomic fibres, which terminate by accessory endings 
on the muscle fibres. This is apparently identical with the ‘‘ pseudo-muscular 
reaction’’ deseribed long ago by Vulpian and by Heidenhain. But this evidence 
is at present difficult to evaluate. 


Much weight has been laid upon the failure of adrenaline to influence 
muscle tone—see Huggett and Mellanby (31) and Porter (51). It does not 
seem valid to conclude that if adrenaline stimulates the endings of sympathetic 
fibres upon plain muscle, it must have a similar effect upon the accessory endings 


on skeletal musele; the failure of adrenaline to stimulate sweat glands may be 
recalled in this connection. 

Despite the criticism to which the theory of a sympathetic control of muscle 
tone has been subjected, it seems that there is a definite body of evidence in the 
experiments of Hunter and Royle, which, if valid, must confirm the theory. We 
have directed most of our efforts towards investigating this evidence. 

A possible trophie function of sympathetic nerves upon muscle fibres has 
been investigated by Takahashi (66) and by Feldberg (18); no evidence of 
muscular atrophy following upon removal of the sympathetic could be detected. 

Definition of Muscular Tonus. The extreme vagueness which surrounds the 
use of the term ‘‘tonus’’ is largely responsible for the diversity of opinions held. 
In the older works tonus is defined as a constant slight involuntary contraction 
of sufficient size to take up the ‘‘slack’’ of the muscle. The existence of a 
muscular tonus was discredited by later writers (Pfliiger, R. Heidenhain, 
Schwalbe, Hermann), because severing of the nerve to the resting muscle did 
not always bring about further relaxation beyond the resting length. Museular 
tone was apparently first demonstrated by Brondgeest in 1860; he found a 
relaxation of flexor muscles in the frog’s limb on severing the dorsal nerve roots 
of the muscles concerned, and thereby demonstrated the reflex origin of the 
contraction. Sherrington demonstrated that the receptors for the reflex tonic 
contraction were situated within the muscle itself (proprioceptors) ; this holds 
for the mammalian limb, but not for the bird’s wing (Trendelenburg), where 
the source of the reflex, if indeed it be a reflex, has not been discovered. The 
discrepancy between these and earlier results is cleared away by Sherrington’s 
observation (63) that tonic contraction, as defined above, is found in those 
museles only which confer an active posture upon a part. In the quadruped 
limb they will be the extensors; in the frog’s hind leg the flexors; in the bird’s 
wing the flexors and adductors; other instances are the muscles of the vertebral 
column, especially of the neck, which maintain posture against gravity. These 
tonic postures are exaggerated in decerebrate rigidity or in tetanus rigour. In 
tetanus rigour the antagonists of the antigravity muscles, instead of relaxing, 
contract; but this does not invalidate the idea of tetanus rigour as an exagger- 
ated tonic posture, for the normal inhibition of antagonists, which should aecom- 
pany shortening of the extensors, is reversed by the toxin in the central nervous 
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system into an excitation (Sherrington). In 1909 Sherrington (62) described 
the plastic nature of the postural tone as revealed in the decerebrated animal; 
the postural musele will maintain any constant length against greatly varying 
tensions; the ‘‘lengthening and shortening reaction’’ is usually taken as a test 
for skeletal musele tone. This definition of tone as a constant involuntary pos- 
tural contraction of muscle does not offer any opinion concerning the state of 
the muscles during tonic contraction. Plain muscle shows similar tonic con- 
tractions, the tissue adjusting itself to support vastly differing weight at any 
particular length, or to enclose greatly varying volumes at a constant pressure. 
This tonie contraction has been found not to be accompanied by increased 
metabolism, i.e., a holding mechanism (Sperrung of Uexkiill) is involved; 
apparently the relaxation phase of the ordinary ‘‘twitch’’ has failed to super- 
vene. In plain muscle accordingly tonus has come to be identified with a 
holding mechanism of the tissue. 

For skeletal museles the presence of such a holding mechanism, in addition 
1o the shortening mechanism, has been suspected; see especially the work of 
Frohlich and Meyer (22) and the observations of Plaut (50). Bottazzi proposes 
the theory that the myofibrils of the muscle fibres subserve active contraction, 
the sarcoplasm maintaining the shortened condition, but there is not much 
evidence to support the theory. Hunter adopted the dual theory of muscle 
function, but held that the two functions were subserved by distinet groups of 
fibres. Langelaan (40) maintains that the two elements of muscle contraction 
are involved in tonic contraction; he believes that the ‘‘contractile tonus’’ is 
subserved by the spinal proprioceptive are, and that the sympathetic system 
controls plastic tone. Hunter has adopted Langelaan’s conception, but develops 
the view that the sympathetic and spinal nerves terminate upon distinct muscle 
fibres ; according to Hunter, in fact, muscle tone consists of two distinct elements, 
a contractile and a plastic element, the latter being a holding mechanism; con- 
tractile tone is subserved by a spinal are, plastic tone by a proprioceptive sympa- 
thetic are, and not only the reflex ares, but even the effectors are distinct. The 
analogy with conditions as they occur in bivalve molluses is complete; however, 
recent observations by Boeke and by Garvan do not confirm the histological basis 
of Hunter’s theory, and so the theory itself must fall. 

The theory of dual muscle function is discussed at length by Bayliss (9) ; 
he concludes that ‘‘the view most in accordance with all facts is that, as already 
indicated, the tonic state is due to permanence of the process which has given 
rise to the ordinary form of contraction. Thus it is a function of the fibrillae 
in voluntary muscle, and may possibly be brought about by sympathetic 
innervation. 


Bayliss’ conclusions are contrary to general opinion on this point; never- 
theless, as we shall attempt to show below, the whole of the facts are explicable 
only on the assumption of the existence of such a holding mechanism (Sperrung) 
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superimposed, during tonic contraction, upon the contractile mechanism; but 
we can definitely assert that, whatever part the sympathetic may play in 
muscular activity, states of profound hypertonus, apparently involving thi: 
holding mechanism, can supervene in the entire absence of sympathetic nerves. 

Attempts to derive all the phenomena of muscular contraction from the 
simple muscle twitch originated with Fick; Alexander Forbes (20) and Cobb 
(14) have invoked the simple twitch to explain the more recently discovered 
phenomena of muscle tone, but, as will be discussed below, the explanation seems 
inadequate. 

When a muscle with reflex are intact is slowly stretched the muscle develops 
a greater initial resistance to stretching than does the decebrated muscle. The 
phenomenon was known to Mosso; Rieger in 1906 (54) designated it by the name 
Bremsung (brake mechanism). It has been further investigated by Spiegel (64). 
In virtue of this brake mechanism, muscle exhibits a very marked initial resist- 
ance to stretching from its resting length; with increasing extension the resist- 
ance is mueh diminished. If muscle lengths are plotted as ordinates. tensions 
as abscissae, then the extension curve is concave upwards. The effect disappears 
on dorsal root section. It is markedly inereased in decerebrate rigour and tn 
spastic contractions. Spiegel maintains that it is closely related to plastic tone 
exhibited in intensified form in the decerebrated animal, but the main evidence 
for this is that it is exaggerated in those cases in which plastic tone is also 
exaggerated. It occurs in both extensors and flexors. It is partially obliterated 
by removal of the cerebellum. In a recent paper Kuntz and Kerper (39) in- 
vestigate the effect of removal of the sympathetic upon the brake mechanism ; 
they find that the resistance of the muscle to stretch is profoundly altered, and 
does not differ markedly from that of the deafferented muscle. 


The Effect of Removal of Sympathetic from the Leg Muscles of the Dog 


and Goat, as seen by direct observation. 


In a series of eight dogs and eight goats the lumbar sympathetic trunk on 
the left side was removed; in each case the operation was subsequently checked 
by identifying histologically all the ganglia of the lumbar chain. Post-mortem 
examinations were frequently made. The following surgical procedure was 


adopted : 


Operation for Removal of Left Lumbar Sympathetic Trunk. 


In the earlier operations on dogs the direct transperitoneal root, via a median 
longitudinal abdominal incision, was followed. This is the easier approach, but the animal 
suffers considerably from shock. 

On account of the great mass of viscera in the goat, this method could not be adopted; 
here the retroperitoneal approach through an incision in the left flank has been adopted; 
a similar procedure was subsequently followed on dogs. 

The animals, under chloral (goats) or morphia (dogs) and open ether, and with the 
rumen, in the case of goats, freed from contained gas by passage of a rigid tube along the 
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Fig. 1. Diagram of the lumbar and sacral plexuses and abdominal sympathetic trunk 
in the goat. 

The left abdominal sympathetic trunk is exposed by a left lumbo-inguinal incision. 
The first lumbar ganglion is seized with artery forceps and with its rami, cut. The trunk 
can then be drawn into the wound and the rami of the second ganglion divided without 
traction on the spinal nerves to which the rami are attached. This procedure is followed 
until the last lumbar ganglion is reached distal to which the trunk is severed. Thus the 
lumbar portion of the trunk is removed. The remaining sacral portion communicates only 
hy grey rami with the sacral nerves. The lower limb is thus deprived of preganglionic 
sympathetic nerve supply. 

In testing for muscle fatigue the sciatic nerve is crushed with artery forceps and the 
distal part stimulated after division of its branches except that to the appropriate muscle. 
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oesophagus, are subjected to a left oblique lumbo-inguinal incision, commencing at the left 
costo-vertebral angle. External oblique, internal oblique and transversalis are severed, 
the transversalis fascia opened, but the peritoneum left uninjured. The latter, together 
with the underlying viscera, is depressed with a hot pack. With the fingers, the peritoneum 
is separated from the fascia; it is continued over the psoas muscle until its medial border 
is reached. On the left side the aorta is now located and retracted with the fingers, and 
the abdominal sympathetic trunk seen lying in a groove between the aorta in front, the 
vertebral column medially and the median border of the psoas major laterally. No 
instruments are used as retractors, except where the aorta is prominent and requires holding 
aside with a long flat retractor. Powerful retraction of the psoas is occasionally necessary. 

The sympathetic trunk is exposed from the diaphragm to the brim of the pelvis. A 
large ganglion just below the diaphragm is located; it is lifted up with blunt forceps, so 
as to reveal the rami, which are severed with scissors, great care being taken, wherever 
possible, to cut? and not to tear the rami, since accidental injury to anterior spinal roots is 
thus avoided. The remaining ganglia of the chain were similarly removed, and the whole 
lumbar trunk then severed just behind the last lumbar ganglion and removed. The incision 
is then closed. The wound is usually well healed within a fortnight. Asepsis was observed 
throughout. 

In the goat, except for a temporary slight limp in the left leg, movement 
appears to be quite unimpaired; in the dog not even this slight limp develops. 
After about a fortnight, when the wound has well-nigh healed, detailed examina- 
tion of the limb may be commenced. When the movements are watched from 
a small distance not the slightest difference in the manner of application of the 
legs can be detected. and they do not seem to have been affected in any way by 
deprival of the sympathetie. 

Numerous attempts were made to confirm the observations of Royle (57, 
58, 59) and of Kuntz and Kerper (39), that the operated limb suffers an impair- 
ment of its capacity to maintain a posture in the unnatural supine position. The 
dogs were examined from periods of three weeks up to seventy days after opera- 
tion; the animal is placed on its back, and particular care taken not to frighten 
or excite it. In no case have anj significant differences in the posture of the 
two limbs been detected. We find that sometimes the normal limb will be in 
rigid extension, while the left leg, is flexed and quite flaccid. But just as often 
this may be observed on the other side. Often no difference whatever is to be 
seen in the limbs. We concluded, however, that this method is quite unsuitable 
for examining dogs, since the effects of voluntary contractions may entirely 
obseure any differences in involuntary tone. Kuntz and Kerper have come to 
a similar conclusion, but find that in the lightly anaesthetized animal the effects 
of removal of sympathetic may be observed. We cannot confirm these observa- 
tions. Five of the dogs were subjected to chloroform anaesthesia; immediately 
light anaesthesia had supervened we could usually detect obvious differences in 
the hind limbs. In two animals the operated limb was entirely flaccid, while the 
right limb was in rigid extension; this condition was maintained for about half 
a minute, when the right limb also became flaccid. In two other dogs exactly 
the opposite was observed, and it was the operated limb that remained rigid the 

2 During eutting of the rami, when all due care was taken to exert no tension whatever 
upon the spinal nerves, it was sometimes noted, both in dogs and goats, when the anaesthesia 
was not very deep, that the animal suffered momentary pain; this argues strongly for 
Ranson’s view of the oceurrence of afferent fibres within the sympathetic trunk. 
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longer. In the fifth dog of the series both limbs became flaccid simultaneously. 
It was noted also that similar differences were to be detected in the forelimbs, 
whose sympathetic supply had not been interfered with. In one case it was 
noted that as the animal emerged from the deep anaesthesia employed during 
ihe operation, the normal limb performed active movements while the unoperated 
limb remained entirely flaccid. But the effect was not observed again. The 
interpretation of these observations appears to be that as the animal is passing 
into anaesthesia, the portion of the central nervous system governing one limb 
becomes affected before that governing the other, and it is a matter of chance 
which side becomes first affected. Similar observations were made on birds. 
Goats lend themselves better to this examination, since significant differences 
in the posture of the limbs may be more easily observed. Hunter describes the 
posture of the two limbs thus: With the animal on its back, *‘ when the cause for 
alarm is removed by gently handling the animal—for fear excites the defensive 
reaction of extension—the lower limb of the operated side falls from the extended 
positions into a passive posture determined by mechanical factors.’’ We are 
quite unable to confirm this statement; sometimes it is true the operated limb 
is flaccid and flexed, with the normal limb still strongly extended. At other times 
the opposite may be observed. Sometimes both limbs may be extended, at other 
times neither. We have frequently made observations lasting over a period of 
five minutes or more, with the animal lying perfectly still, and no difference 
could be detected in the attitude of the limbs. These remarks refer to observa- 
tions made about a month after the operation; but at later periods differences, 
even if not generally very marked, appear. These may be most readily described 
as a tendency of the operated limb, in the supine animal, to fall away. These 
will be referred to below. Royle observes that resistance to passive flexion and 
extension is greater in the normal than in the unoperated limb. We again find 
this statement difficult to confirm. Sometimes the effect has unquestionably been 
obtained, but more often we could observe no difference between the two limbs. 
The observation is one of very doubtful validity, since the powerful voluntary 
extensions may vary enormously in the same limb from moment to moment. 
When the animal is stood upon its hind legs, it is able, so far as we can observe, 
to support the weight of the entire body on the operated limb alone as easily as 
on the unoperated. With the animal under light ether anaesthesia, as recom- 
mended in Royle’s recent paper, not the slightest difference could be observed 
in animals a month after the operation; nor can we confirm the observation that 
the goat or dog, on emerging from anaesthesia, delays the use of its operated limb. 
But we observed in some of our goats that at considerable periods after the 
operation, generally after several months, apparent alterations began to set in 
in the muscles of the operated side. To palpation the muscles often feel distinctly 
softer, but it must be admitted that it is often extremely easy to deceive oneself 
on this point. Nevertheless, it must be added that when such muscles were 
weighed, except in two cases, no significant difference in weight was observed. 
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In the two exceptional cases the muscle from the operated side was about 8% 
lighter than that from the unoperated. In one animal, however, the opposite 
was found, so that the observation apparently loses its significance. The gastroc- 
nemius and soleus muscles were used for this purpose, since they are innervated 
at the sacral level of the cord, i.e., below the region of operation, so that degener- 
ation due to accidental injury of the anterior roots whilst avulsing the lumbar 
sympathetie chain is exeluded. In finding no significant alteration in weight of 
the muscles, we confirm the observations of Takahashi (66). A similar softening 
of the muscles often seemed very obvious in the buttock muscles and in the 
quadriceps. It should be pointed out that an unaltered weight and an apparent 
softening of muscles are not necessarily contradictory. When the posture of the 
limbs was examined in the supine animal at periods long after the operation, 
slight but significant alterations were observable ; these do not consist in a failure 
of the operated limb to maintain extension, but consist in a slight sagging of 
the limb, with a tendency to fall away from position. It should be pointed out, 
however, that the effect is never a marked one. 

The following record is from a goat that was kept under examination for 
a lengthy period, and will serve to indicate the kind of change observed in our 
animals : 

YOUNG MALE, 


April 6. Left abdominal sympathetic trunk removed (six ganglia); immediately after 
the operation no difference could be detected in the muscles. 

April 8. Animal walking, with marked dragging of left leg. 

April 11. Very slight limp in left leg. Both limbs identical in appearance, and no 
wasting detected. 

April 14. With the animal on its back both legs are at first extended; the right leg 


shows very strong resistance to bending; the left leg seems very consider 
ably weaker. (This was not noticed in all the animals.) After the goat 
has become accustomed to the position, both legs become flexed. 

April 18. With animal on its back both legs flexed, and no difference detectable. 
The conscious animal does not appear suitable for affording reliable data. 
No obvious wasting of muscle. 

April 29. With animal on its back both legs extended and rigid; no significant 
difference in the two legs as regards position, maintenance of position, or 
resistance to forced flexion. No trace of wasting observed. No detectable 
difference in tenseness of quadriceps. 

May 5. On its back, both legs flexed, and extension did not oceur. No detectable 
falling away of operated leg. The posture was maintained unchanged 
for five minutes. No detectable difference in compressibility of Tendo 
achillis. 


July 20. 30th legs held at times in flexion, at times in extension, but there is no 
significant difference in the two. To palpation the operated muscles feel 
softer than unoperated. Tendo achillis appears somewhat tauter on 
unoperated side. 

July 25. With animal on its back, the unoperated and operated legs extended; the 
extension is not quite so marked in the operated limb, and limb tends to 
‘fall away’’ slightly. To palpation, operated quadriceps softer. 


Operated leg shows markedly less resistance to bending. 

August 19. Quadriceps, hamstring and gastrocnemius softer on operated side. Operated 
leg shows less resistance to forced flexion. 

September 1. Tendo achillis seems to be a little laxer on operated side (doubtful). Operated 
gastrocnemius and quadriceps softer. (3). Operated leg hangs a little 
more abdueted. 

November20. The same. Gastrocnemius removed on both sides and weighed; each 

weighs 36 grams. 
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Observations upon goats deprived of their lumbar sympathetic lead there- 
ore to the following conclusions: For many weeks after the operation no differ- 
‘nce can be detected between the two limbs, but as the interval increases in some 
if the animals the operated muscles begin to feel softer to palpation, and in such 
animals the operated limb tends to fall away when in supine position. This 
recalls an observation by Leriche and Fontaine (44) of muscular atrophy in 
the hand and shoulder of a woman after ramisection for angina pectoris. No 
other significant differences could be observed between the two limbs in our goats. 
As these conclusions are somewhat vague, more precise data may be obtained 
for or against the theory of Hunter and Royle by recording the knee-jerk. 

The Knee-jerk. Hunter has published comparative records of the knee- 
jerk of the operated and unoperated limb of the goat (33); whilst the knee-jerk 
from the operated limb is short and sharp. with a relaxation phase approximately 
equal to the contraction phase, on the other hand the relaxation phase in the 
normal limb is much prolonged. This recalls an observation of De Boer (12) 


’ 


that the ‘‘hump’’ spoken of as ‘‘Funke’s nose’’ is absent in the simple twitch 
curve from isolated frog muscle deprived of its sympathetic. 

Our observations do not confirm Hunter’s statement; we find, on the con- 
trary, that the knee-jerk shows considerable variation from moment to moment, 
even in the same limb, and that slight differences in the attitude of the limb may 
affect it markedly. Occasionally the jerk is diffieult to elicit, but this may occur 
on either the normal or the operated side. The accompanying records (figure 2) 
show that there is no significant difference between the two limbs in this respect ; 
curves with pronounced ‘‘humps’’ occur on both the normal and the operated 
side, whilst curves without such ‘‘humps’’ are equally distributed. The observa- 
tions were made with the animal supine and the limb in full flexion; seven 
animals were employed, at periods of 15, 18, 22, 24, 90, 133, and 140 days after 
sympathetic removal. 

The Brake Phenomenon (Bremsung). If the limb of a dog be slowly bent, 
it will be found that the normal limb offers considerably greater resistance to 
bending than does the denervated limb or the limb of an animal just killed; 
apparently the normal muscles are in a condition of partial contraction, and 
tend to fix the parts of the limb in position. The extensor tension curve for such 
a limb is examined on an instrument of the kind described by Spiegel (64) ; it 
consists in observing the weights necessary to bend the limb to various angles, 
and the value of the tension may be determined by comparing such a curve with 
a control curve yielded by the instrument itself. When the dead limb is simi- 


larly examined it is found to possess a definite extensor tension, due evidently 
to the elasticity of the muscles. The active extensor tension is then determined 
from the curves for the living and dead animals. Spiegel deduces the formula: 

Extensor tension 7 — (t; — ts) & k & cos(y — 45°) where ft, and fs are 
the weights necessary to bend the limb respectively of the living and the recently 
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killed animal to an angle y. The resultant tension of the quadriceps is deter- 
mined by reading off a series of values for tf; and ft. corresponding to various 
values of y. This is the so-called tonus curve. Such a curve as Rieger (54) 
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Fig. 3. Stretchibility curves of hind limb of dog. 

A, living animal; B, immediately after death. 
Corresponding readings from the instrument alone are given in curve C, 
Ordinates as extension (measured in angles of bend). 
Abscissae as weights producing the bend. 
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and Spiegel (64) find, is coneave upwards, i.e., the muscle offers greater initial 
resistance (Bremsung) to stretching than when stretching has progressed. A 


feature of such curves is that they frequently commence with negative values 
for 7, 1.e., the tension in the flexors exceeds that of the extensors. It does not 
seem valid to conclude that increasing tensions with increased stretch are in 
progressive reflex adjustment. On the contrary, if the curves from which such 
a tonus curve is derived are examined, it appears that this tonus curve is merely 
the difference between the stretching curves of two bodies having different elastic 
properties (namely, the tonic and atonie muscle). A comparison of curves 
A and B in figure 3 lends no support to the view that curve A, from the tonie 
musele, is anything but the simple stretching curve of a body showing greater 
resistance to stretching than that from which curve B is derived. This is in 
«ood agreement with the fact that although the initial extensor tension may vary 
greatly, yet the weights required to bend the limb by equal amounts are approxi- 
mately equal, irrespective of the initial extensor tension. 
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Fig. 4. ‘‘Tonus Curves’’ from operated and unoperated hind limbs of dog. 
A, operated limb; B, unoperated limb. 
Abscissae as extensor tension in grammes. 
Ordinates as extension (measured as angles of flexion). 
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If a limb is devoid of tone, then the tonus curve should be, except for large 
angles of bending, nearly a vertical straight line. If the sympathetic alone 
subserves muscle tone, then the tonus curve from the operated limb should be 
of this type. If it is in no way concerned with tone, then the curve should not 
differ from that of the unoperated leg. If tone is partly subserved by the sympa- 
thetic, then the tonus curve should fall between the vertical and that of the 
normal limb. 

Curves of this last type are found by Kuntz and Kerper (39). We have 
repeated these observations on dogs deprived of the left lumbar sympathetic 
chain, but can in no way confirm the results. We find a considerable variation 
in the curves, as is to be expected when such measurements are made on the 
conscious animal. But of numerous measurements made on two dogs in our 
experience nothing resembling the type of curve obtained by Kuntz and Kerper 
has been observed. On the contrary, we find that sometimes the curves from 
the normal and operated limbs are so similar that they almost coincide point 
for point (figure 4). The only respect in which they may differ is the absolute 
degree of tension; for instance, we have obtained records where curves of exactly 
similar shape differ in absolute values for tension by over 500 grammes; but the 
difference, as we have seen above, is of no significance ; in any case, the difference 
in absolute tension is sometimes in favour of the normal limb, at other times in 
favour of the operated limb. 


The Effect of Removal of Sympathetic Nerves upon the Capacity 
of a Muscle to Develop Hypertonus. 


In order to investigate the role of the sympathetic system in the maintenance 
of muscular tone, special use may be made of the fact that under certain con- 


cdlitions skeletal muscle may pass into a condition of profound hypertonus. There 


are three® manifestations of such hypertonus, which are of special significance 
in an experimental analysis: (1) That developed during tetanus intoxication; 
(2) the rigidity which follows decerebration; (3) the various spastie rigidities 
in human subjects. 

A. The occurrence of a holding mechanism in tonically contracted muscle. 
Two opposite views are held by various investigators on the nature of these tonic 
contractions; by some they are looked upon as reflex contractions, subserved 
by a proprioceptive are, and built up of rhythmie tetanie contractions; others 
regard them as passive states of contraction of muscle, upon which rhythmic 





3 The influence of the sympathetic upon the maintenance of the clasp reflex in the 
frog has been studied by Kahn (36) and by Spiegel and Sternschein (65). Recent 
investigations by Wachholder (69) and by Lullies (47) seem to render evidenee derived 
from a study of this reflex valueless; these investigators have observed that it is only when 
the female moves that the clasp muscles of the male become active; at this time, too, action 
currents, otherwise absent (Kahn), are readily detectable, so that the apparent absence of 
fatigue may be due to an intermittent functioning of the arm flexors. 
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contractions may be superimposed, but which, nevertheless, are wholly different 
in nature from ordinary muscular contractions. Although the former view is 
the one more frequently held, yet the evidence, it seems, distinetly favours the 
latter. 

A characteristic feature of muscle in tetanus rigour is the absence of detect- 
able action currents. In muscle during tetanus rigour this has been observed 
1v Frohlich and Meyer (21), Liljestrand and Magnus (46), and by Salomonson 
60). A similar absence of action currents has been reported in spastic hemi- 
plegia by Salomonson and by Héber (30). But in decerebrate rigidity definite 
ction currents have been found; they were first observed by Dusser de Barenne 

+), and have subsequently been described by Buytendijk and by Einthoven. 
\ characteristic of these action currents is, according to Spiegel (64), their 
relatively minute size. 


There is a feature which all these tonic contractions have in common: they 


are not subject to fatigue. During tetanus rigour or decerebrate rigidity the 
muscles affected may remain shortened for several days, until the animal dies; 
ordinary muscular contraction is in striking contrast to this. The absence of 
detectable action currents and the failure of fatigue to supervene seem most in 
harmony with the theory that we are concerned here with a passive state of 
contraction of muscle (contracture). 

The possibility has been investigated, notably by Alexander Forbes (20), 
whether after all we are concerned with a special type of muscular action in 
these tonic contractions, or whether they are composed of ordinary phasic con- 
tractions of reflex origin, but in which the overlapping of the contractions masks 
their phasie nature. It is conceived that a group of muscle fibres in contraction 
may reflexly excite a second group to contraction, the contraction of the latter 
supervening at a time when the former group has ceased to contract through a 
fatigue of their motor cells in the spinal cord. The contraction is considered as 
then being taken up by a third group, so that a ‘‘rotation’’ of contractions will 
occur. By this means it is conceived that a non-fatigable tonic reflex contraction 
may be established, in which the overlapping of the action currents of the 
individual groups of fibres will tend to prevent their being recorded in galvano- 
meter readings. In addition, an obvious basis for the reduced metabolism in 
these tonic museles would be apparent. The hypothesis seems to run counter to 
certain well-established observations. The tonic contractions, since a relatively 
small number of fibres are involved, could not possibly be excessively great ; this 
is a necessary deduction from the theory, since it is on this basis that an explana- 
tion is offered for the absence of fatigue. But in tetanus rigour the tensions 
developed may be enormous; it is occasionally reported that the tendons are 
actually ruptured before death occurs. It might be urged that the impulses 
leaving the cord are disorganized, and overlap to such an extent that they are 
not recordable. Against this theory is the observation of Ishizaka (35) that 
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glycogen accumulates in the muscles during tetanus rigour, indicating an absence 
of carbohydrate metabolism; and the observations reported by E. Grafe (26), 
that the oxygen consumption of such muscle is not above that of resting muscle. 
In further agreement with the theory that tetanus rigour constitutes a passive 
state of contraction of muscle is the observation of Fréhlich and Meyer (22) 
that in such a muscle no muscle sound can be detected. Hertz (28) reports 
the same in a ease of Thomson’s disease. He writes: ‘‘In the athletic, power- 
fully contracted muscle, in which a roar should be heard, it is silent as death; 
only a specially trained ear hears, as from afar, the faint indication of a muscle 
sound.’’ 

To Fick this dualistic aspect of muscular activity seemed inconceivable, and 
in the ‘‘Myothermische Untersuchungen’’ he maintains that the contraction of 
all skeletal muscle is composed of but one element, the muscle twitch. The 
attitude of Fick is the more remarkable, in that it is in his own work that a 
possible explanation for the alternative view may lie—his thesis, namely, that 
the contraction and relaxation processes of a muscle twitch are subserved by 
two distinet chemical processes. 


The inadequacy of Fick’s conception when extended to plain muscle has 


long been apparent, and the existence of non-fatigable conditions of profound 


rigour, unaccompanied by increased metabolism, has through the work of Bethe, 
von Uexkiill, Parnas, and others, been clearly proved. It does not seem improb- 
able that skeletal muscle should also possess this property, and in the work of 
Frohlich and Meyer, Grafe, and others, strong evidence for its existence is 
offered. Further striking evidence will be found in a paper by R. Plaut (50), 
who reports observations on human arm muscles in cases where the fore-arm had 
been amputated; the patient was able to bring about at will either a hardening 
of the muscle without shortening, or a shortening without excessive hardening; 
complications due to the action of the antagonists are here obviously avoided. 
The case of decerebrate rigidity is obscure. The observation was first made 
by Dusser de Barenne (4), and subsequently confirmed by Buytendijk (13), 
and by Einthoven (17), that muscle in this condition exhibits regular action 
currents. Spiegel (64) draws attention to the fact that these action currents 
are of small size. The interpretation is very difficult. The removal of the fore- 
brain may liberate postural reflexes of perhaps more than one kind, and the 
possibility must always be considered that the action currents may indicate a 
series of phasic impulses superimposed upon a passive resting contracture. 
Roaf (56) has failed to detect any excessive oxvgen consumption or carbon- 
dioxide liberation during rigidity, though Dusser de Barenne and Burger (7) 
report an increase of from 10% to 25%. Roaf’s observation is in good agree- 
ment with the work of Bayliss (8), who, while certainly detecting an increased 
heat production during decerebrate rigidity, found this heat to be very much 
less than that produced during a phasic contraction of the same degree. These 
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various observations appear reconcilable if we assume that decerebration liberates 
a series of postural reflexes, and that, superimposed upon a passive state of 
contracture, there may be a mild phasic response. 

Cobb (15) has recently attempted to interpret postural contractions, includ- 
ing decerebrate rigidity, as phenomena of a phasic nature, the simple element 
of which the tonie contraction is constructed being the myotatie reflex contrac- 
tion recently described by Liddell and Sherrington (45). If in the decerebrate 
preparation a muscle (quadriceps) is stretched even by only a very little amount, 
the muscle responds by a powerful contraction, which fails to appear if the 
afferent roots are severed. The magnitude of the response is graded according 
to the degree of stretch to which the muscle is subjected. ‘‘In the reflex evoked 
by the stretch-movement the ascent contraction, i.e., the period of increasing 
contraction, usually continues for so long as the stretch movement continues.’’ 
‘*One thing that the ascent portion of the reflex contraction shows is the extreme 
delicacy of the grading of the contraction in accordance with grading of ampli- 
tude of the passive stretch imposed. Increase of the stretch is accompanied by 
increase in the number of its proprioceptors stimulated and of the motoneurones 
excited which supply it. This proprioceptive reflex tends, therefore, constantly 
to bring about equilibrium between the extending foree and the contractile 
reaction which the former induces in the extended muscle.”’ 

While the myotatie reflex, as pointed out by Liddell and Sherrington, will 
serve admirably to explain the capacity of a muscle to adjust the magnitude 
of its response to the tension to which it finds itself subjected, on the other hand 
the contention of Cobb that the phasic reflex may serve as a basic component of 
decerebrate rigidity does not seem to be consistent with the description of this 
reflex as given by Liddell and Sherrington. A eharacteristic of muscle in 
decerebrate rigidity is that at a constant length it may support greatly varying 
weights, and on the other hand it may support the same weight at greatly vary- 
ing lengths. <A reflex contraction which adjusts itself automatically to the 
tension to which its effector has become subjected. as does the myotatie reflex, 
can searcely serve as the basis for a reflex contraction which ean maintain a fixed 
tension at greatly differing lengths. In the present state of knowledge it does 
not seem possible to reconcile Sherrington’s description of the plastic properties 
of muscle in decerebrate rigidity with any other than a dualistic conception of 
muscle function. Attempts, such as those of Alexander Forbes, to interpret the 
phenomena of tonic contractions in terms of the unitary theory of muscle fune- 
tion seem to offer an interpretation for a belief which is not in entire accord 
with fact ; a tonically contracted muscle may exhibit no trace of action currents 
(tetanus rigour), and the absence of action currents, despite the fact that a 
muscle sound does not occur, is attributed to the overlapping of action currents, 
which tend to mask one another. But a muscle in decerebrate rigidity does 


exhibit action-currents—small, it is true, but they are very regular and steady 
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(Buytendijk) ; and it does not seem possible to reconcile this observation with 
Forbes’s theory, which successfully accounts for their absence. 

In discussing this question, Adrian (1) has pointed out that electrical 
records of tonically contracted muscles cannot on the one hand exclude the possi- 
bility of the existence of a non-phasie passive contraction, on which a phasic 
contraction is superimposed (in eases where a weak vibration of the string 
occurs), and on the other hand cannot provide unimpeachable evidence for the 
existence of such a state (in eases where no vibration occurs), for in this latter 
ease the absence of vibrations may be due to non-synchronization of impulses, 
due to the disordered rate at which they are emitted from the central nervous 
system. 

It seems to us, on the other hand, that the evidence obtained from a study 
of the metabolism of the muscle during hypertonus, and especially the evidence 
provided by a study of the muscle sound, can have but one interpretation, and 
these certainly indicate a condition of passive contracture in these muscles. 

B. Tetanus rigour. We have undertaken experiments to detect any possible 
influence of the sympathetic upon this condition. After the experiments had 
been completed it was found that similar investigations had been earried out by 
Liljestrand and Magnus (46), and quite recently by Ranson and Hinsey (53). 
Liljestrand and Magnus observed the rigour to persist in the fore-limb of the 
eat even after the stellate ganglion had been removed. Ranson and Hinsev 
observed that rigour developed in the hind limb of eats equally well whether the 
left abdominal sympathetie trunk had been removed or not. Our experiments 
were carried out on dogs. 

Experiment. Five dogs, in which the left abdominal sympathetic trunk had 
been removed at periods ranging from 38, 49, 59, 60, to 67 days respectively 
after the operation, were given a lethal dose of tetanus toxin subeutaneously in 
the lumbar region. After a lapse of from four to five days tetanie spasms super- 
vened, and the animals passed into a condition of severe rigour. 

In every case profound tetanus appeared in the operated limb. In one 
dog the operated limb showed definitely less rigour than the unoperated, and 
this condition persisted for hours; in another dog precisely the opposite occurred, 
and it was the unoperated limb which exhibited less rigidity. In the other three 
dogs no difference was to be observed in the two hind-limbs. In one animal the 
condition was allowed to persist for twelve hours before the dog was destroyed. 
At no time during this period was any significant difference to be noted between 
the two limbs. We are justified in concluding from this experiment that a pro- 
found state of non-fatigable rigour may occur in the limb muscles of the dog, 
for whose maintenance the sympathetic is not necessary. 

C. Decerebrate Rigidity. The almost unanimous opinion of those who have 
employed the decerebrate animal is against the theory of a sympathetic control 
of tone. Using cats, negative results have been obtained by van Rijnberk (55), 
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Cobb (14), Kanavel, Pollock and Davis (38), Ranson and Hinsey (53), and 
Coman (16), whilst Dusser de Barenne (5) obtained decrease in rigidity in some, 
ut not all, of his animals. Negative results have been obtained by Meek and 
Crawford (48) on decerebrate dogs. In contrast to these results are the observa- 
ions of Royle (58), who obtained a decrease in the extensor rigidity in the 
lecerebrated goat, following removal of the sympathetic. In a series of goats 
the effeet was best observed in those animals where a very long interval (many 
months) elapsed between removal of sympathetic and decerebration. That the 
conelusions of Hunter and Royle, derived from these results, are not valid is 
proved by the fact that if the two operations be carried out in the same day, 
typical lengthening and shortening reactions are still obtainable. Royle’s effect 
cannot therefore be due to removal of the efferent path subserving plastic tone, 
and a secondary cause must be sought for the phenomenon. 

These observations are extremely interesting, and may have a much deeper 
significance than we as yet realize. In view of our observations on goats above 
presented, namely, that in a number of the animals, after an interval of many 
months, the operated muscle becomes perceptibly softer to palpation; it seems 
that this may be the basis of Royle’s effeet. A weakening muscle will respond 
by a weakened contraction to reflex stimulation; the weakened contraction will 
in turn elicit weaker proprioceptive impulses, which might conceivably produce 
a further weakening of the muscular response, and so the muscle would pro- 
gressively pass into relaxation. That some such factor is perhaps at work is 
suggested by the statement of Hunter (34), that marked atrophic changes were 
to be seen in the operated muscles long after the operation. 

While observing the knee-jerk in goats, even many weeks after the opera- 
tion, we frequently found that relaxation failed to supervene, i.e., a ‘‘shortening 
reaction,’’ added itself to the short, sharp contraction. By this means the limb 
could be made to pass, by a series of jerks corresponding to successive taps on 
the patellar tendon, from flexion into rigid extension. The effect occurred in 
the operated as well as in the unoperated limb; it would seem, therefore, that 


? 


the ‘‘shortening reaction’’ is present in the limb of the goat long after the 
operation, though Royle fails to detect it in the decerebrate goat. Even if the 
‘‘shortening reaction’’ cannot be detected by manipulation of the limb, it would 
seem unwise to assert that it was absent. Sherrington has remarked that the 
shortening reaction ‘‘seems to graft itself upon a reflex contraction more 
perfectly than upon a shortening produced passively, and to be itself more 
perfect when elicited by active contraction than by mere passive extension of 
the knee under external mechanical manipulation.’’ 

D. The Operation of Ramisectomy on Human Spastic Paralytics. The 
remarkable successes obtained by Royle on human subjects suffering from 
spasticity of the limb, by depriving the affected limb of its sympathetic supply 
(57), have not been obtained by other surgeons. Kanavel, Pollock and Davies 
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(37) have failed to obtain any improvement, but a successful case is reported 
by Beattie (10). Reeently Royle (59) has published the reports of a large series 
of cases, which provide useful experimental data for gauging the value of the 
operation. An examination of these cases shows that as experimental evidence 
in favour of the maintenance of muscle tone by the sympathetic system they 
are valueless; on the contrary, they strongly support the view of Adrian (2) 
that success, in some cases at least, has been obtained by the psychological process 
of suggestion, rather than by surgical interference. A few instances may be 
quoted here : 

Case 26. Inability to stand or walk. The patient can sit only with great 
difficulty Had always had irregular movement affecting all four limbs, face, 
and tongue. 

Treatment. Ramisection performed on the two lower limbs. 

Effect. Six weeks after operation patient could stand, and later com- 
menced to walk. Can walk unsupported. When patient is not excited choreic 
movements disappear from lower limbs; any choreic movements that appear 
can now be readily inhibited. The wpper limbs have also improved since the 
operation on the lower limbs. Increased function in the upper limbs has 
developed. 

Case 10. Man, aged 31. Could not stand on either leg. Speech defective ; 
mentality subnormal. Treatment. Ramisection on lower limb performed. 

Effect. Immediate change in tone and vasodilatation. Walking movements 
much improved. ‘‘ Both his parents and he insisted that his speech improved 
after sympathetic ramisection had been carried out in his lower limbs.”’ 

Case 11. Boy, age 7. Unable to walk. . . . . Subnormal mentality. 

Treatment. Ramisection on lower limb performed. 

Effect. Diminution of tone in lower limb. ‘‘The patient began to improve 
immediately, and the parents were particularly struck with the improvement in 
his mental condition.’’ 

Case 19. Boy, aged 15. Unable to walk unaided. Lower limbs rigid. 
Mentality normal. 

Treatment. Sympathetic ramisection on right side; followed later by 
similar operation on left side. 

Effect. Immediately after operation on right side he could flex right limb; 
this was followed by improvement in left limb, but improvement did not reach 
a maximum until sympathetic ramisection had been carried out on the left side 
also. ‘‘The mental condition of this patient before operation could be described 
as normal, .... but after operation his whole outlook altered, and he is now 
seeking an oceupation.’’ 

These and similar other cases show that a conscious human subject does not 
provide reliable evidence on the question of the innervation of muscle tone; and 
in Cases 11 and 26 diminution of spasticity occurs in limbs which have not been 
subjected to treatment ! 
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lhe Posture of the Bird’s Wing. 


An analysis of the normal posture of the bird’s wing has provided, in the 
hands of Hunter, what appears at first sight to be most convincing evidence in 
favour of the theory that the sympathetic system is involved in its maintenance. 
It is true that the experiments of Hunter have received the most adverse criticism 
from Walshe, who bases his remarks mainly upon Trendelenburg’s observations 
on pigeons. It appears, however, that Walshe’s criticism is in some degree 
invalid, and that, while in some points it is not in harmony with Trendelenburg’s 
later experiments, it overlooks certain apparently very convincing arguments 
brought forward by Hunter. Walshe’s remarks appear the less convincing when 
we recollect that Hunter’s observations have since been confirmed by Kuntz and 
Kerper (39). 


Fig. 5. Diagram of brachial plexus of pigeon. X indicates place where sympathetic 
ord is severed. 


Aratomical Features of the Bird’s Brachial Plexus. In the pigeon and 
fowl the brachial plexus is composed of five spinal nerves, namely, the last five 
cervical nerves. Of these the first plays but a very small part in its formation; 
the last participates to a larger extent, but the plexus is in the main derived 
from the great 14th, 15th, and 16th cervical nerves in the fowl, and from the 
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12th, 13th, and 14th in the pigeon (Fiirbringer). The sympathetic cord runs 
immediately ventral to the spinal nerves. By means of stimulation experiments, 
Langley (41) finds that the last cervical nerve is the first spinal nerve by which 
preganglionic fibres pass to the sympathetic chain. The sympathetic fibres which 
leave the cord by this nerve go to the head and neck; the lower boundary varies 
somewhat, and may include the anterior part of the wing. The sympathetic 
innervation of the wing is derived almost entirely from the first and second 
thoracic nerves. Conditions are therefore very similar to those found in 
mammals, except that the area of origin of the spinal preganglionic fibres over- 
laps to a greater extent the origin of the nerves to the fore-limbs. The sympa- 
thetic cord passes forwards from the first thoracic nerve as a double strand of 
nerve fibres, which lie respectively above and below the cervical ribs; the more 
ventral strand is the thicker of the two. The sympathetic ganglia lie in close 
association with the cervical nerves, and those at the bases of the three main 
nerves of the brachial plexus are exceptionally large. Langley has observed that 
the post-ganglionie fibres have approximately the same distribution as the spinal 
nerves to which they belong; hence, as Hunter pointed out, the greater part of 
the sympathetic supply to the wing may be removed by severing the sympathetic 
cord just behind the last cervical nerve. In practice, however, we have found 
it best to sever the cord just behind the penultimate cervical nerve (at X in the 
figure). This operation necessarily leaves a small portion of the sympathetic 
supply to the wing intact; nevertheless, the great ganglia at the base of the 
three largest brachial nerves have been deprived of their preganglionic connec- 
tions, so that almost the entire sympathetie supply to the wing has been severed.* 
Section of the sympathetic cord in this region, rather than behind the last 
cervical nerve, is much more easily carried out, in that it is not complicated by 
the presence of the anterior tip of the lung. Hunter’s original experiments 
involved a severing of the cord anterior to the penultimate cervical nerve; in 
subsequent operations he cut the cord behind the last cervical nerve, but the 
effects were always the same. 


4 All the four nerves of the brachial plexus appear to participate in maintaining the 
postural tone of the folded wing. We have shown this by severing the penultimate 
brachial nerve in the pigeon; a very pronounced droop of the wing was produced, the wing 
hanging from 1} to 2 inches below the level of the tail. When drawn down to the fully 
dependent position, the wing frequently remained there. Two days later the last two 
brachial nerves of the opposite side were severed; the wing hung just perceptibly lower 
than on the side on which only the second last nerve had been cut. Apparently, therefore, 
the last nerve participates but slightly in the maintenance of tone; the second last nerve 
plays a much greater part; and the remaining tone is subserved evidently by the first and 
second nerves. The results of this experiment justify the procedure adopted by us of 
severing the sympathetic cord just behind the penultimate cervical nerve, for the operation 
totally deprives those large nerves of the plexus, which are mainly responsible for the 
postural tone, of their sympathetic supply. Since, as Langley has found, the sympathetic 
nerves are distributed to the same muscles approximately as are the corresponding spinal 
nerves, therefore almost total removal of the sympathetic supply of the postural muscles 
will have been performed. 
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The Effect of Removal of Sympathetic Supply upon the Normal Posture of 
the Wing. In experiments performed upon fowls and upon seagulls, Hunter 
observed that when the sympathetic cord was severed either in front of the 
second last cervical nerve, as in the original experiment (32), or behind the last 
cervical nerve, as in later experiments, the wing was markedly drooped, and 
was held less closely to the side of the bird’s body (34). These observations 


have been confirmed recently by Kuntz and Kerper (39) on pigeons. It is 
argued by Hunter, therefore, that the plastic component of the postural tone 
of the wing is absent, so that the wing is less efficiently held in position than if 


its sympathetic supply were intact. This effect tends gradually to disappear, 
and after about three months the wing is held in the normal manner; Hunter 
is of the opinion that the contractile component of the postural tone has gradu- 
ally compensated the defect. In attempting to reproduce Hunter’s results we 
have used pigeons and fowls. 


Experiment I, Under ether anaesthesia the large muscles were gradually separated from 
the dorsal side of the lower cervical vertebrae; bleeding was usually easily controlled. The 
appropriate inter-transverse space corresponding to the position x in the figure was located, 
and the remains of the muscle covering it carefully removed, till the pleural membrane came 
into view; any slight bleeding of the bone was usually easily stopped with adrenaline. The 
pleural membrane was then cut with a very fine scalpel, the greatest care being taken not to 
injure or even touch the second last brachial nerve, which now comes into view. The upper 
component of the cervical sympathetic cord may at once be seen, running just below one of the 
vertebral vessels; sometimes the lower component can also be observed; but at other times it is 
necessary to enlarge the opening by breaking away a portion of the transverse process immedi- 
ately behind the opening. The greatest care must be taken during the actual severing of the 
sympathetic strands. In practice it has been found best to use a pair of very delicate sharp 
scissors; this avoids tension being applied to the nerve with the possible chance of injuring 
the second last brachial nerve. If the lower component of the sympathetic cord cannot be 
found at once, it must on no account be drawn into view with a hooked seeker, for accidental 
injury to the spinal nerve cannot be excluded under these circumstances. In our earlier 
experiments in which this precaution was not appreciated, we obtained results similar to those 
of Hunter; it was only when the utmost care was taken in severing the sympathetic, that 
results differing from his and from those of Kuntz and Kerper were obtained. Our results 
were at first controlled by exposing the sympathetic cord on the opposite side also. In this 
experiment and in all others, of course, the operation was confirmed by post mortem 
examination. 


In our earlier experiments, in both pigeons and fowls a droop in the wing 
was observed, precisely as Hunter, and also Kuntz and Kerper, had observed. 
Suspicion was, however, felt that accidental injury to the second last cervical 
nerve was responsible for the result. When the utmost precautions were taken 
to avoid injury to the nerve, the droop of the wing was no longer obtained; we 
have observed this both in the pigeon and in the fowl. Sometimes, it is true, 
the operated wing seems to show just the very faintest droop, but a falling away 
of the wing similar to that figured by Hunter (32) and by Kuntz and Kerper 
was never observed. Even in an uncontrolled operation in a fowl no difference 
could be detected in the two wings, and an independent observer was unable to 
say which wing had been operated upon. In one pigeon a droop of the operated 
wing of nearly 1 centimeter below the unoperated was observed for some hours 
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after the operation, but on the next day the effect had entirely disappeared ; in 
fact, it was now the unoperated wing which drooped. Lest a partial droop of 


the wing might be obscured by the tail feathers supporting the tip of the wing, 
as they often do in the pigeon, the precaution was always taken of cutting away 
the long feathers at the tip of the tail. On the day succeeding the operation one 
of our pigeons was allowed to fly a short distance (about thirty to forty feet). 
After flight the operated wing showed a slight droop; but when this was repeated 
several hours later no droop could be detected. Use of the wing does not there- 
fore seem to lead to any impairment of the ability of the wing muscles to maintain 
their normal posture. Even when the bird is standing asleep no difference in the 
posture of the wings is to be seen. We conclude, therefore, that the removal of the 
sympathetic supply to the bird’s wing does not lead to any constantly observable 
effect upon its capacity to maintain a posture; the results of Hunter and of 
Kuntz and Kerper are therefore probably to be aseribed to accidental injury 
of the adjacent spinal nerves, an injury which it is very difficult to avoid. 
Hunter’s observation that the wing regains its normal posture in about three 
months is apparently in harmony with this conclusion, for the relatively short 
brachial nerves might well be expected to regenerate in this time. The onset of 
compensation is not as a rule so long delayed; Spiegel (64), for example, reports 
a ease of atony, induced in a man by extirpation of one labyrinth, in which 
compensation in the homolateral quadriceps was complete in the third week.* 

In Hunter’s theory of the innervation of plastic tone, it is maintained that 
a complete proprioceptive are, with not only efferent but also afferent fibres, is 
involved. The disappearance of decerebrate rigidity in the hind limb of the 
eat, following upon posterior root section, as in Sherrington’s experiments, was 
therefore to be looked upon as due to severance of afferent sympathetic fibres 
contained in the posterior roots. On the assumption that the afferent fibres 
should enter the cord at the same level as that at which corresponding efferent 
fibres leave it, Hunter severed the posterior root of the first thoracic nerve in 
the fowl. He describes a droop in the wing similar to that found when the 
sympathetie trunk had been cut. 

The experiments of Trendelenburg on pigeons led to results which differ 
from Hunter’s. Trendelenburg performed extensive posterior root sections in 
various nerves in pigeons, involving among others the first thoracic nerve, but 
obtained no droop in the wing (68). As a partial droop might have been 
obseured in Trendelenburg’s birds by the tail feathers supporting the tips of 
the wing, we considered it advisable to repeat Hunter’s experiment, even if his 
conclusion could not be maintained (since section of the entire cervical sympa- 
thetie trunk, as we have found, produced no droop in the wing). 

> Occasionally, but not always, a partial droop in the eyelids on the side on which the 
sympathetic had been severed, was observed, exactly as Hunter had described; the observation 


is extremely difficult to evaluate, since the eyelid contains plain muscle tissue, to which the 
droop might be ascribed. 
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Experiment II, In the anaesthetized pigeon the large muscles were separated from the 
ippropriate vertebra and several adjacent ones, on the dorsal side; bleeding was controlled 
without difficulty. With strong scissors the bone is gradually broken away and the spinal cord 
exposed. Touching the cord must be scrupulously avoided. A single large blood vessel runs 
along the pia mater in the mid-line, giving off smaller side branches to the nerve roots. It is 
necessary to leave this blood vessel uninjured, otherwise bleeding, which is difficult to control, 
will oceur and obscure the field. When the first thoracic nerve root has been exposed the bird 
is put into especially deep anaesthesia, and the posterior root severed; special care must be 
taken not to injure the cord during this operation. If the small blood vessel which arises as 
a branch from the main vessel of the pia be avoided, no bleeding whatever will occur. On one 
occasion the operation was extended to the last cervical nerve as well. 


Contrary to Hunter, we find that section of the first posterior thoracic root, 
or even of the first thoracic and last cervical posterior roots combined, has no 


effect whatever upon the posture of the wing; half an hour after the operation 


the pigeon is able to fly, and at no period after the operation (the birds were 
kept for several days only) is any droop in the wing to be found. It is difficult 
to account for the droop in Hunter’s experiments; injury to the cord seems the 
most likely explanation. 

The Effect of Severing the Dorsal Roots of the Brachial Plexus. The 
operation of severing the four posterior roots of the brachial plexus in the fowl 
was performed by Hunter, in the belief that this would involve a severing of the 
proprioceptive spinal reflex are which maintains the contractile tone of the wing, 
so that any tone which persists in the wing will be subserved by the ‘‘sympa- 
thetic proprioceptive are.’’ He describes the reaction of the deafferented wing 
as follows: ‘‘By this procedure contractile tone is removed, and the wing has 
therefore no tendency to take up the usual folded position. On the other hand, 
due to the presence of plastic tone, the wing will remain in any position in which 
it is placed. It will maintain the normal position if placed in that position; 
equally well it remains dependent if drawn down to its full extent, or to any 
intermediate position. In other words, the flexor muscles exhibit the ‘shorten- 
ing reaction’ and the ‘lengthening reaction.’ If now the cervical sympathetic 
trunk be severed caudal to the roots of origin of the brachial plexus these 
reactions disappear. This is conclusive proof that the plastic tone is subserved 


*’ These 


by the sympathetic innervation of the skeletal muscles of the wing. 
results of Hunter have been confirmed by Kuntz and Kerper. 

Walshe has pointed out several serious defects in Hunter’s argument. In 
an extensive series of experiments in pigeons, involving both unilateral and 
bilateral section of the dorsal roots of the brachial plexus, Trendelenburg found 
that the normal posture of the wing was perfectly maintained; with unilateral 
section flight was unimpaired, though the down-stroke of the wing was abolished 
in the bilateral operation. Consequently proprioceptive impulses are not neces- 
sary for maintaining the posture of the bird’s wing, the wing differing in this 
respect from the mammalian limb; and even during flight afferent impulses from 
one wing suffice to regulate the actions of the opposite one. Hunter was there- 
fore in error in supposing he had interrupted a proprioceptive are by cutting the 
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dorsal nerve roots. He desensitized the wing; but he did not cut a proprio- 
ceptive are. Whether posture is really maintained by a reflex are cannot yet 
be stated; Trendelenburg finds that neither the labyrinths, nor the cerebrum, 
nor the eyes are necessary for the maintenance of normal wing posture. Never- 
theless, that such a wing is maintained in position by muscular tone rather than 
by the elasticity of its ligaments was demonstrated by Trendelenburg by the 
simple process of severing the entire brachial plexus; under these cireumstances 
the wing hangs dependent in flaccid paralysis. 

When the deafferented wing of the bird is drawn down from the normal rest- 
ing position it remains, as Hunter points out, wherever it is placed. But contrary 
to the assertion of Hunter that this constitutes the lengthening and shortening 
reaction of Sherrington, Walshe remarks that the wing shows no resistance to 
such extension; that, in fact, it is entirely atohic (see Walshe, 71) ; if the wing 
be lifted up from the bird’s body, and released, it drops like a dead thing against 
the bird’s side, so that the lengthening and shortening reaction, it is asserted 
cannot be present. But Walshe’s criticism is invalid from two points of view: 
Firstly, Trendelenburg’s experiments have shown that the wing is not atoniec, 
for the atoniec wing hangs dependent from the bird’s side, and cannot be held in 
position. That a lengthening and shortening reaction is not involved is by no 
means demonstrated by Walshe’s test. Sherrington has pointed out (63) that 
a postural reflex must only be looked for in those muscles which normally main- 
tain a posture. Thus in the quadruped limb it is to be sought for in the 
extensor muscles; in the hind limb of the frog it is found in the flexors. Lifting 
the wing from the bird’s body, as Walshe has done, does not impose a normal 
‘ posture on the wing; hence there is no reason why the new position should be 
maintained. Consequently, if Hunter’s observations could be confirmed, his 
argument that the tone of the wing is subserved by a proprioceptive sympathetic 
are could not be so readily cast aside. 

The observation of Hunter, that the deafferented wing, on being drawn 
down, was not replaced to its normal folded position by the bird, was also made 


EXPLANATION OF PLATE. 
Fig. 6. Photographs to illustrate the reactions of the deafferented wing, in a pigeon 
operated upon as described in Experiment III. 


1. Attitude of wing during rest. Practically no droop in the wing. 

2. The same, during flight. 

3. The wing has been drawn down from its resting position; the bird makes no effort to 
restore it to its place. In the normal wing it would be smartly flicked back into position. 

4. The bird is standing upon a smooth glass jar. The wing has been drawn down to 
the same position as in figure 3; on releasing it, it does not retain that posture, but is drawn 
up again to the bird’s side. It is not ‘‘flicked’’ into position, as is the normal wing, but 
springs back as if its muscles had been overstretched. Its final position against the bird’s 
side is determined by the place where the wing, on rebounding, first meets the body. In 
this particular instance the wing appears markedly drooped; sometimes it is drawn up 
considerably higher, sometimes not so high. The deafferented wing cannot be atonic; ner 
does it exhibit the lengthening and shortening reaction. 


5. A deeply anaesthetized pigeon, to show the attitude of the atonic wing. 
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by Trendenlenburg, who attributed it, however, to the fact that the wing had 
heen desensitized, and that the bird failed to restore it to position, merely because 
it was unaware that it had been extended. But there are two important points 
in which Hunter’s results differ from those of Trendelenburg: ‘‘In addition to 
the absence of voluntary movement, the result of this operation is to remove the 


tendency of the wing to take up the flexed position.’’ Trendelenburg observed, 


on the contrary, that the wing was held in the normal attitude without any 
droop, and that the movements of the wing in flight were unimpaired. 


Experiment III, Under ether anaesthesia the muscles were dissected away from the lower 
cervical vertebrae; bleeding was controlled. With strong scissors the vertebral canal was 
gradually opened, the utmost care being taken not to touch the cord. Considerable difficulty 
is experienced in carrying out this operation, since it is in just this region that the cord thickens 
and occupies almost the entire vertebral canal. After the cord has been exposed the opening 
is extended towards one side so as to expose the posterior roots of the four brachial nerves. 
If the operation is carried out with sufficient care, extensive bleeding will not occur. It is, 
however, extremely difficult to avoid bleeding during the cutting of large posterior roots, since 
the base of these may be covered by a vascular extension of the pia. 

In the pigeon thus operated upon the wing was held in almost the normal 
manner, only a slight droop being present (see figure 6,1). Trendelenburg per- 
formed similar operations in which no droop whatever was obtained ; in severing 
the dorsal roots is is extremely difficult to avoid slight injury to the cord, and it 
is probable that the slight droop which we observed is to be attributed to this. 
In contradiction to Hunter, and in agreement with Trendelenburg, we find that 
the bird can use the wing during flight in practically normal manner (figure 6, 
2); on the other hand, if the wing be drawn down from the bird’s side it is not 
flicked up again, as in the normal wing, but remains wherever it is placed 
(figure 6, 3); if it is fully drawn down it retains that position; if it is placed 
on the bird’s back it remains there; any intermediate posture is also perfectly 
maintained. In this respect Hunter’s observation may be fully corroborated ; 
but Walshe’s criticism that the atonie wing is merely resting against the bird’s 
side is invalid, since the atonie wing cannot retain this position, but hangs in 
flaccid paralysis from the bird’s side; Trendelenburg showed this by severing 
the entire brachial plexus, or simply by subjecting the bird to deep anaesthesia. 
The position of the atonic wing is shown in figure 6, 5. The discrepancy is 
cleared up when we carry out the test in a slightly different manner. If the 
bird be made to stand upon a smooth object, such as a glass jar, and the deaffer- 
ented wing be drawn down to the fully dependent position, it does not remain 
there when released, but ‘‘springs back’’ to the bird’s side; it is not ‘‘ flicked 
back’’ as the normal unoperated wing is, when released, but rather seems to 
recoil like a stretched elastic body. In figure 6, 4, is shown the wing of the same 
bird ; it is drawn down to the same position as in figure 6, 3, but the smooth sides 
of the glass jar are unable to hold it in place, and it is restored to a nearly normal 
position on the side of the bird’s body. Contrary to Walshe’s assertion, we 
observe, therefore, that the wing is not atonic; it possesses a slight amount of 
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tone, not sufficient to be detected when we stretch the wing, but just sufficient 
to hold this extremely light structure in position. When the wing is drawn 
downwards it cannot be flicked back into position, for the bird is not aware that 
it has been drawn down; the actual tone in the wing is not sufficient to overcome 
the slight resistance offered by a rough object, such as the table on which the 
bird is standing (as in figure 6, 3), or the feathers of the bird’s side, and 
consequently remains where it is placed. But this is not to be looked upon as a 
‘‘lengthening and shortening’’ reaction. Contrary to Walshe’s assertion, we 
find, therefore, that the wing is definitely tonie; but in agreement with Walshe, 
and contrary to Hunter and to Kuntz and Kerper, we conclude that the wing 
is not maintained in position by a lengthening and shortening reaction, but that 
it is prevented from moving through the resistance offered by the feathers. The 
deafferented bird’s wing offers, it seems, an excellent illustration of an isolated 
involuntary postural tone of skeletal muscle, unobscured by secondary voluntary 
or involuntary reflex contractions. <A critical test may be made here to deter- 
mine whether it is the sympathetic system or the anterior roots of the spinal 
nerves that subserve this tone. The experiment was performed by Hunter, who 
found that the ‘‘lengthening and shortening reactions’’ were abolished by 
subsequently severing the sympathetic supply to the wing. Kuntz and Kerper 
confirm this result. Hunter describes the effect of this operation as follows: 
‘*After this operation the plastic tone had disappeared. The wing was heavy 
and dependent, as in flaccid paralysis. It would not remain in any position of 
flexion in which it was placed. When folded over the back of the bird it fell 
heavily to the ground.’’ In order to confirm this very important observation, 
the following experiment was carried out: 

Experiment IV. In a pigeon anaesthetized with ether, the procedure described in 
experiments I and III were performed at a single operation. 

As the bird emerged from the anaesthetic the operated wing hung for a 
time entirely flaccid, while the unoperated wing was performing active flying 
movements; the difference in the wings was extremely striking. But after 
several minutes the operated wing began to acquire tone; some minutes later it 
began to perform flying movements. On being examined two hours later the 
following observations were made: Except for a slight droop, which is probably 
of no significance (as already discussed), the wing was held in the normal folded 
attitude, and flying movements could be performed in an apparently normal 
manner; on the other hand the operated wing could be drawn down to any 
position, the bird making no effort to restore it. The unoperated wing, when 
drawn down in the same way, was smartly flicked into position again. So far 
as could be observed, therefore, the reactions of the wing with combined deaffer- 
entation and sympathectomy did not differ in any way from the wing which 


had been merely deafferented. On the following day the reactions were the 
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same. The bird was then killed, and the operation confirmed by a post-mortem 
examination. 

The results of this experiment are therefore very different from Hunter’s. 
One is foreed to conclude that accessory injury to the cord is responsible for the 
paralysis in his experiments. 

The general conclusion which we draw from these experiments is as follows: 
The sympathetic system cannot be shown to play any part in the maintenance of 
a postural tone in the bird’s wing; the deafferented wing affords a remarkable 
illustration of a postural tone, uncontaminated with secondary reflex contrac- 
lions, and this tonic contraction of the wing flerors is controlled by the ventral 


roots alone. 


Is Muscular Tonus Subserved by Antidromic Fibres that emerge 
through the Dorsal Roots? 


In some recent investigations Ranson brings forward evidenee which is 
interpreted as indicating that two phenomena are involved in decerebrate 
rigidity, a contractile and a plastic factor, the latter being apparently subserved 
hy fibres which form neurone junctions in the dorsal root ganglia. If weak 
nicotine solutions are applied to the exposed ganglia the stiffness disappears 
within ten minutes, but the reflex activity of the limb, as judged by its capacity 
to respond to pressure in the foot, remains unaltered. It is argued that the 
nicotine has paralyzed neurone junctions (possibly Dogiel’s pericellular endings) 
in the dorsal root ganglia, leaving the ganglion cells uninjured. 

Ranson calls attention to an early observation of Sherrington (61) that if 
the spinal roots be severed in such a way that the ventral root fibres alone 
degenerate, the dorsal roots being cut proximal to the ganglia, then strong 
stimulation of the nerve trunks, after the ventral root fibres have degenerated, 
produces a long, slow contraction of the muscle. Sherrington suggests that the 
phenomenon may be due to contraction of the spindle fibres, and that it may be 
pseudomotor reaction’’ obtained by Heidenhain in the tongue 


se 


related to the 
muscles after severing the hypoglossal nerve. The observation is confirmed by 
van Rijnberk (55), who obtains the contraction even after removal of the 
sympathetic trunk. 

The theory is offered by Ranson (52) that the plastic factor of tonus may 
he subserved by fibres which emerge by the dorsal nerve roots. Disappearance 
of plastie tone ensuing upon dorsal root section is attributed, not so much to 
interruption of the proprioceptive are, as asserted by Sherrington, but rather 
to a cutting of antidromic nerve fibres. 

It does not seem that Ranson’s theory is consistent with certain well- 
established observations, by other investigators, on postural tone. In the experi- 
ments of Trendelenburg and of ourselves on birds, it is found that severing the 
dorsal nerve roots has but little, if any, effect upon the posture of the wing. 
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Evidently tonus is subserved here only by the ventral root fibres. Disappear- 
ance of tone in the mammalian limb after deafferentation is to be attributed 
apparently to the fact that here the limb is much more under the control of its 
proprioceptive are than is the bird’s wing. In the present state of knowledge 
it would therefore seem more justifiable to consider the paralysis following on \3 
deafferentation of the mammalian limb as due to an interruption of the proprio- | 
ceptive are, than as caused by a severing of antidromic fibres in the dorsal roots. | 

There is some good evidence in support of this statement. It has been | 
observed by Liljestrand and Magnus (46), and by Dusser de Barenne (6), that ; 
if in the decerebrate cat the dorsal roots be severed the rigidity, which at once ) 
disappears, may after some hours gradually recur, and eventually may reach 
its normal intensity. 


OR eid 


Nia td BBR 


Daehn as tate oa & 


The converse experiment of abolishing tonus by severing the ventral roots, 
leaving the dorsal roots intact, has been performed by van Rijnberk (55) on 
the nerves of the hind limb of the cat; Foix (19) confirms this for the dog; i 
recently Coman (16) carried out a very decisive investigation on the fore-limbs yr 
of eats and dogs; in the decerebrate animal rigidity entirely fails to develop, 
even if the sympathetic be left intact, in the limb whose ventral roots have been 
severed, and if the limb be placed in any particular position no tendency is 
exhibited by the limb to maintain that posture. The possibility of antidromic 
dorsal root fibres in any way subserving skeletal muscular tone seems here 
definitely excluded. 
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The Sympathetic and Muscular Fatigue. 


At the conclusion of these experiments, which were undertaken mainly to 
test the function of the sympathetic in maintaining muscular tone, the remain- 
ing animals (several goats and a dog) were utilized to examine the effect of 
removal of the sympathetic upon the onset of muscular fatigue. These experi- : 
ments were suggested by the observations of Gruber (27) that adrenaline, which ys 





stimulates most of those tissues which are also stimulated by the sympathetic, " 
acts as a stimulant to fatigued skeletal muscle. It seems that adrenaline is able Kz 


to bring about ‘‘a rapid recovery of normal irritability of muscle after the 4 
irritability has been much lessened by fatigue, and that the higher. contractions 5 
of a fatigued muscle after an injection of adrenin are due, certainly in part, to | 
some specific action of this substance, and not wholly to its influence on the id 


i 


cireulation’’ (W. B. Cannon). 

Experiments have been reported by Ginetzinsky and Orbeli (49), in which 
stimulation of the sympathetic supply to fatigued bloodless frog muscle brought 
about marked recovery in the muscle after a prolonged latent period of recovery, 
and the recovery long outlasted stimulation of the sympathetic. [The work of 
Orbeli is known to us only from references by Gantt (25), Walshe (70), and 
by Fulton (23).| Attempts by H. Wastl (72) to verify these results of Orbeli 
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have failed; stimulation of the sympathetic led either to pronounced decrease 
in musele contractions, due doubtless to local vasoconstriction, or to no effects 
whatever. 

Our first experiments were carried out on the gastrocnemius; subsequently 
we employed the tibialis anticus. The animals had been deprived of their left 
lumbar-sympathetie trunk three to four months earlier. 

Under chloral and ether the gastrocnemius is exposed and separated from the biceps and 
jacent muscles; its tendon is divided at its insertion. The sciatic nerve is then exposed and 
iced down to its division into tibial and common peroneal. The latter is severed, and the 
vial traced to the gastrocnemius, where it gives off its branch to that muscle. Having located 

his branch, the remainder of the tibial nerve is severed. The proximal end of the exposed 
sciatic is then crushed with artery forceps, so that reflex control of the gastrocnemius is 
holished. The normal leg is similarly treated and serves as a control. The two severed 
tendons are attached each by fine wire to two levers which record upon a very slowly rotating 
drum. Short tetanic shocks from an induction coil, at the rate of about 2-3 per second are 
used for stimulating the nerve to the gastrocnemius; ordinary electrodes are employed. In 
der to render the myogram from the operated and unoperated limbs strictly comparable, the 
ierves were simultaneously stimulated from the same induction coil. In later experiments the 
tibialis anticus was similarly prepared, and stimulated through the common peroneal. The 
exposed muscle was kept moist with warm saline. 

The first experiments on the gastrocnemius revealed that while the contrac- 
tion of the normal muscle steadily fell to the ‘‘ fatigue level,’’ the muscle deprived 
of its sympathetic fatigued much more rapidly, and eventually failed altogether 
to respond to stimulation (figure 7, 1). Almost full recovery of the rapidly 
fatiguing muscle was attained by only a brief three minutes’ rest. In another 
soat (figure 7, 2) a similar effect was attained even after deprival of part of 
the blood supply, namely, by ligating the femoral artery. Later experiments 
with adrenaline seem to show, however, that with further deprival of blood (due 
to the great vasoconstriction following upon injection of large quantities of the 
substanee) both limbs fatigue very rapidly, and even the normal muscle may 
soon fail to respond to stimulation. The effect of removal of the sympathetic 
is strikingly shown in the tracing in Figure 7, 3, from the tibialis anticus of a 
goat. The rapid fatigue of the operated muscle is in marked contrast to the 
much greater activity of the normal muscle: a rest of several minutes serves to 
revive both muscles, but the operated muscle again rapidly fails, and passes into 
a condition much below the normal fatigue level. We have obtained the same 
effect in the one dog that was still available; the effect was not so marked, but 
this was in part probably due to the fact that only part of the lumbar sympa- 
thetic trunk had been removed. In one goat, on the contrary, the unoperated 
muscle fatigued even more rapidly than the operated. The result is somewhat dis- 
coneerting, in view of the small number of animals we have been able to employ. 
This animal was almost certainly an abnormal one. The unoperated muscle 
was ‘‘flabby’’ to palpation, it weighed 8% less than its fellow, and the normal 
fatigue level so characteristic of normal muscle was not attained. Altogether 
we have obtained the effect four times out of five, and the exception appears to 
be due to an abnormality in the control muscle. 
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In striking contrast to these tracings are the two shown in figures 7, 4, and 
7, 5. Figure 7, 5, is from an unoperated goat, and no significant difference is 
detectable between the right and left muscles. Figure 7, 4, is from a goat in 
which (for a different purpose) only a small part of the left lumbar trunk had 
been removed. The muscle from the operated side appears to be somewhat mor: 
fatigable than its fellow, but the difference is of doubtful significance. 

These experiments recall the observation of Hunter (34) that the wing of 
a bird deprived of its sympathetic supply undergoes excessive fatigue after even 
comparatively short flight. Hunter’s experiment is, however, very difficult to 
evaluate, since so many uncontrollable factors are concerned: (a) Severing of 
the vertebro-scapular muscles on the operated wing has been overlooked; (1) as 
we have seen above, Hunter almost certainly produced accidental injury to the 
spinal nerve roots; (c) the effect of removal of the sympathetic supply to the 
erect posture of the feathers complicates the results. 

In discussing our observations it seems clear that deprival of the sympathetic 
supply of a muscle renders it much more rapidly fatigable; are we justified in 
concluding that the sympathetic is directly concerned in lessening fatigue, in a 
manner analogous to that in which it increases the responsiveness of the heart? 

Against drawing this conclusion from our experiments the following 
objections may be raised : 

(1) Prolonged deprival of its sympathetic supply may change the met- 
abolism of the muscle by affecting local vascular conditions. Against this it 
should be noted that the vascular supply has probably not been extensively 
interfered with; firstly, vasodilatation ensuing upon removal of sympathetic 
control is only very temporary, and is soon compensated ; secondly, the sympa- 
thetic supply to the blood vessels, which descends by way of the aortic plexus, 


Fig 7. All tracings to read from right to left. 


1, Simultaneous records of normal and operated gastrocnemius muscles of goat, 
excited, under identical conditions by short tetanic stimuli, through the nerve to the 
gastrocnemius. The irregularity indicated by the asterisk is accidental. The recovery in 
the middle of the tracing is due, as subsequent tracings show, to the four minutes’ rest. 

2. The same from another goat. Muscle partly deprived of blood supply by ligating 
femoral artery. 

3. Simultaneous tracings of normal and operated tibialis anticus of goat, stimulated 
under identical conditions through the common peroneal nerve. The recovery after a brief 
rest of three minutes is striking. The fall in the tracing indicated by the asterisk is due 
to an accidental sagging in the body of the animal. Partial rejuvenation on injeeting 
l cc. adrenaline (.010) into jugular. 

4. The same from a goat in which the left abdominal sympathetic trunk has been only 
partially removed. The slightly diminished contractions of the operated muscle are 
probably of no significance. Injection of very large quantity of adrenaline strikingly 
decreases size of contractions, due doubtless to vaso-constriction. 

5. The same from a normal goat, to illustrate the effeet of injecting adrenaline in 
varying quantities. 

6. The same from a normal goat; a large injection of adrenaline causes initial increase 
in contractions, followed by almost total obliteration of contraction, due doubtless to 
vaso-constriction. 
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has not been disturbed. To palpation the muscles did not yet exhibit any detect- 
able difference, and in all cases used in these experiments normal and operated 













































muscles weighed the same. 
: (2) In removing the lumbar sympathetic trunk we have not removed the 
postganglionic fibres to the muscles concerned, which are innervated from the 
sacral region. The long period ensuing between removal of preganglionic fibres 
: and the final examination of the muscles has almost certainly afforded ample 
3 time for functional degeneration to supervene in the postganglionic fibres in 
the saeral nerves. In our experiments the muscles chosen were preferred to those 
innervated at a higher level, since complications due to accidental injury of 
fibres in the anterior roots during avulsing of the sympathetic chain are thus 
\ avoided. 

(3) Can the effect be a purely vascular one? Against this it must be noted 
that the method of stimulation employed, namely, short tetanic stimuli, will 
almost certainly cause some vasoconstriction in the unoperated muscle, so that 
the contrast between the operated and normal muscles should, if anything, be 
even greater than that observed. 

From these considerations it would appear that the evidence points to a 





5 direct control of the sympathetic over the fatigability of muscle, a conclusion 
which is suggested in Gruber’s experiments, and is in agreement with the 


£ experiments of Orbeli, according to whom ‘‘the direct influence of the sympa- 
4 thetic nerves in the skeletal muscles is fixed beyond doubt, the universal signifi- 
¢ cance of the sympathetic innervation is proved, the relation of the autonomous 


mead A 


nervous system of the generalized muscular formation is shown, and the ability 
of the autonomous fibres to alter the condition of the muscle and its contents 





becomes transferred from a small organ, the heart, to the whole skeletal muscle, 
3 thus fulfilling the prophecy of the ‘chemical tonus’ of E. Pfliiger and of the 
‘trophic innervation’ of Pavlov.’’ (Gantt, 25.) 

Concerning the experiments of H. Wastl, which have failed to corroborate 
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Orbeli’s observations, the following remarks may be made: In many of the 


aii 


experiments the effect of stimulation of the sympathetic was to decrease muscular 
activity, due doubtless to vasoconstriction; under these circumstances it would 
obviously be impossible to detect any beneficial effect due to increased excita- 
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bility of the muscle. Since it has not been possible to control this obvious defect 
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in the experiments, the conclusions are not necessarily valid. The point is very 
se well illustrated by some of our own observations on the effect of adrenaline in 
fatigued muscles. In figure 7, 3, taken from a large goat, an injection of 1 ee. 
of 1 : 1,000 adrenaline produces Gruber’s effect with clearness, and the effect 
may be observed in both the normal and the operated muscles. On the other 
hand, in figure 7, 4, taken from a considerably smaller animal, injection into the 
jugular of double this quantity produces the opposite effect, and contraction 
almost entirely ceases. The same is observed in figure 7, 5. In figure 7, 6, there 
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is seen an initial increase in contraction (probably Gruber’s effect), quickly 
followed by a fall, which passes into almost total obliteration of contraction. It 
is clear in this last case that any beneficial effect of adrenaline is quickly masked 
by the effect of local vasoconstriction. As this latter effect has not been excluded 
in Miss Wastl’s experiments, it would be unwise to conclude that stimulation 
of the sympathetic accessory endings on fatigued skeletal muscle does not 
increase the activity of such muscle. 

While, then, there are certain difficulties in the interpretation of our results, 
yet the evidence appears to indicate that the sympathetic is involved in main- 
taining the normal irritability of skeletal muscle. The supreme importance of 
the sympathetic will probably only be realized during the performance of the 
most strenuous physical exertion leading to exhaustion, and it would seem that 
the sympathetic innervation to skeletal muscle is only a part of the great involun- 
tary defensive mechanism in the animal, which Cannon has done so much to 
elucidate. 

SUMMARY. 


These experiments were undertaken to test the validity of recent statements 
by various investigators, who have upheld the theory of a maintenance of skeletal 
muscle tone by the sympathetic. For the experiments dogs, goats, pigeons, and 
fowls have been employed. Our results fall under two headings: A, Negative, 
and B, Positive. 


A. Negative. 


1. The observations of Royle on sympathectomized goats cannot be con- 
firmed. At very long periods after the operation, however, a partial atrophic 
condition supervenes in the operated muscles of some of the animals, notably a 
softening on palpation. 

2. This may provide a basis for Royle’s observation that in the decerebrate 
goat rigidity may fail to supervene in the operated limb at periods long after 
the operation. That the sympathetic is involved in maintaining such rigidity 
is disproved by the work of all the observers (using other animals) that rigidity 
may supervene after sympathetic removal; and by the observation of Hunter 
that if the two operations are performed on the same day the lengthening and 
shortening reactions are obtainable even in the goat. Deprival of sympathetic 
we find does not affect the knee-jerk. 

3. The value of Royle’s evidence from operations on human spastic para- 
lyties is considered. 

4. It is pointed out that despite many statements to the contrary, a passive 
holding mechanism, not exhibiting excessive muscular metabolism, is involved 


in prolonged non-fatigable tonic postural contraction. Such a condition, for 
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example, is tetanus rigour. Experimentally it is found that tetanus rigour is 
uninflueneed by removal of the sympathetic innervation of the muscle (5 dogs). 
5. Kuntz and Kerper’s statement that the sympathetic subserves the brake 
mechanism (Bremsung) cannot be confirmed. 
6. An examination of Hunter’s analysis of posture in the bird’s wing is 
carried out. Of Hunter’s four premises, namely : 
(a) A droop in the wing following upon severing of the sympathetic. 
(b) A droop following upon destruction of the afferent branch of the 
‘*proprioceptive sympathetic are.’’ 
(c) A retention of the lengthening and shortening reaction after 
deafferentation. 
(d) Abolition of the latter on now cutting the sympathetic. 


(a), (b), and (d) are found to be due to false observations, attributable appar- 
ently to faulty operations. The lengthening and shortening reaction in (c) is due 
to the fact that the tonic wing (not atonic, as asserted by Walshe) is drawn 
firmly against the bird’s body, but fails to overcome the resistance due to the 
feathers. 

7. We conclude that muscular tone is subserved entirely by a spinal pro- 
prioceptive are. Ranson’s theory that tonic muscular contraction is subserved 
by antidromic fibres that emerg@ through the dorsal roots is criticized on the 
ground that: 


(a) Decerebrate rigidity is abolished by severing the anterior roots 
alone (Coman). 

(b) Under certain conditions rigidity may supervene after severing 
the dorsal roots (Dusser de Barenne). 


B. Positive. 


1. Muscles deprived of their sympathetic innervation are found to be much 
more easily fatigued than normal muscles. This is in harmony with the observa- 
tion of Gruber that adrenaline rejuvenates fatigued muscle, and the observation 
of Orbeli that stimulation of the sympathetic has a similar effect. 

2. The experiments provide positive evidence for the existence of an exten- 
sive supply of sympathetic nerves to skeletal muscle, the anatomical evidence for 
which has hitherto been insecure. 

In conclusion, we wish to offer our sincerest thanks to Professors W. A. 
Osborne and H. A. Woodruff, of the Physiological Department and Veterinary 
Research Institute respectively, for the hospitality of their laboratories. To 
our colleagues of the Veterinary Research Institute we desire to express our 
zratefulness for continual assistance during the operations and experiments, and 
for the nursing and care of the animals over very prolonged periods. To Mr. 
E. S. Horning our gratitude is due for continual assistance at the operations and 


experiments. The expenses of this research were in the main defrayed by a 
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grant to one of us (O.W.T.) from the Government Research Grant to the 
University. 
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ON THE INFLUENCE OF NUCLEIC ACIDS OF VARI- 
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STATEMENT OF THE PROBLEM AND OUTLINE 
OF THE RESULTS. 


In 1922 it had begun to appear probable to the author that the course of 
growth and the onset of senescence in animals and plants are determined by the 
ratio of nuclear (chromosomal) materials to the cytoplasm (protein) of the cells 
composing the organism (the nucleo-cytoplasmic¢ ratio). This conception has 
been elaborated in other publications (6, 7), and need not further detain us 
here. It is sufficient to state that, guided by this conception, it appeared possible 
that if the nuclei in animal tissues could be supplied with nutritive materials in 
excessive abundance in comparison with the cytoplasm, and if by this means 
nuclear growth could be in the slightest degree facilitated disproportionately to 
the growth of cytoplasm, the growth of the animal should be modified and 
senescence delayed. While it was hardly probable a priori that administration 
of nucleic acids by mouth could accomplish such a result, it nevertheless 
appeared of importance to ascertain the effects of prolonged oral administra- 
tion of nucleic acids to animals in great excess of their normal intake. 

Although the nuclear substances (chromosomes), which have been shown by 
modern genetic research to determine the development of organisms are invari- 
ably associated with nucleic acid (for this is the substance which is actually 
stained by nuclear dyes (5)), it is by no means certain that genetic factors are 
actually nueleie acids. Accordingly, in the first instance, thymus nuclei were 





1 These experiments were initiated in 1922 and the expenses of the investigation were 
defrayed until February, 1927, by the Animal Products Research Foundation of the University 
of Adelaide. The manufacture of the large amounts of Spleen Nucleic Acid employed in 
some of the experiments was rendered possible by a grant from the Commonwealth Department 
of Health. Since February, 1927, the expenses of the investigation have been defrayed by the 
Commonwealth Council for Scientific and Industrial Research as part of its programme of 
investigation of factors which determine the growth and nutrition of animals. 
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employed, prepared from calf-thymus by digesting the protoplasm off the nuclei 
with pepsin-hydrochlorie acid. Thus not only nueleie acid, but presumabl) 
some other nuclear constituents as well, were simultaneously exhibited to th 
animals. 

The results of this experiment (figures 1 and 2, Tables 1 to 4) showed that 
while thymus nuclei exert little effect upon the growth of the white mouse (when 
superadded to a varied and abundant diet of rice, milk, maize, and egg), yet 
longevity is very decidedly enhanced by the administration of an amount of 
thymus nuclei corresponding to 0-5 grammes of fresh thymus tissue daily, the 
average duration of the life of male mice being increased eleven weeks, which 
is 12-6 per cent. in excess of the normal life-duration, while the life-duration of 
female mice was increased fifteen weeks, which is 17 per cent. in excess of the 
normal life-duration. These effects, as the diagrams show, are far in excess of 
the combined probable error of the estimations. 

The effect thus obtained might have been attributable to nucleic acid, or, 
on the contrary, to some other unknown constituent of the nuclei which is not 
soluble in pepsin-hydrochlorie acid. Again, it might have been attributable to 
the correction of some dietary deficiency which was supplied by the cleavage- 
products of nucleie acid, such as phosphoric acid or purine or pyrimidine bases. 
The varied character of the basal diet, which was supplied ad libitum, however, 
and the presence in it of milk and egg, rendered any shortage of either phos- 
phoric acid or the raw material for the manufacture of purines (Histidine) very 
unlikely. However, in order to throw further light upon these possibilities, it 
was considered advisable, in 1924, to control the investigation by an experiment 
in which the nucleic acid administered was of very different structure and 
origin, namely, yeast nucleic acid. The fragments into which this substance 
would split upon complete hydrolysis would correspond very closely in nutritive 
value with the fragments resulting from the complete hydrolysis of thymus 
nucleic acid (guanine, adenine, cytosine, uracil, pentose, and phosphoric acid, 
was compared with guanine, adenine, cytosine, thymine, hexose, and phosphoric 


acid), but the intact nucleic acid, or the nucleotides resulting from its partial 


hydrolysis, would differ very essentially from thymus nucleic acid, the conversion 
of the one into the other involving the substitution of hexose for pentose in the 
interior of the nucleotide chain. 

Fresh control (normal) animals were employed, litter brothers of the 
experimental animals, because the growth-curve of every generation of animals 
has been found, in our experience, to differ somewhat from the growth-curve of 
any other generation. The result of this experiment was to show that the effect 
of the daily administration of 25 milligrammes of yeast nucleic acid is almost 
identical with the effect of administering thymus nuclei. Growth itself is but 
slightly affected, if at all, but the duration of life is greatly prolonged (figure 3, 


Tables 5 and 6). Male animals were employed, and the mean duration of life 
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was prolonged by fourteen weeks, which was 16 per cent. of the normal life- 
duration, the effect being again far in excess of the combined probable errors 
of the estimations. 

Up to this point the results obtained were consistent with the view that the 
effect of nucleic acids upon longevity might be attributable to the correction of 
a dietary deficiency (purine, pyrimidine, or phosphoric acid). Two widely 
differing sources of nucleic acid had been found to be identical in their effects, 
and it appeared unlikely (but not impossible) that the products of the incom- 
plete hydrolysis of yeast nucleic acid could be utilized directly in nuclear 
metabolism, without preliminary splitting into their constituent parts. Further 
experiments showed, however, that a nucleic acid of yet other origin, and at first 
sight much more closely related to thymus nucleic acid, could exert totally 
different effeets upon growth and longevity. 

Towards the end of 1924 an experiment was undertaken in which animals 
received 15 milligrammes daily of spleen nucleic acid. Fresh controls were 
instituted, as before, belonging to the same generation but not to the same litters 
as the experimental animals. Female animals were employed. In this case 
growth was very greatly affected (figure 4, Tables 7 and 8), being accelerated, 
subsequently to the twentieth week of age, to such an extent that at seventy weeks 
of age the treated animals exceeded the weight of the normal animals by over 
}-5 grammes, a quantity far exceeding the combined experimental errors of the 


estimations. As stated, the control animals were not litter sisters of the experi- 


mental animals, but we have not hitherto in our experience found groups of 36 
animals of the same generation differing from one another to anything like the 
extent observed in this experiment. Moreover, the form (contour) of the growth- 
curve of the experimental animals does not at all resemble the form of the growth- 
curve of normal animals. The effect was progressive and sustained, the treated 
animals retaining superiority to the controls for 70 weeks of their lives (from the 
twentieth to the ninetieth week). On the other hand, the effect upon longevity 
was slight and uncertain. It did not exceed, as the diagram shows, the com- 
bined experimental errors of the estimates. We cannot therefore be certain of 
the reality of the observed effect upon longevity, but, such as it was (5 per cent. 
of the normal life-duration), it was in the same direction (prolongation of life) 
as that exerted by thymus nuclei and by vegetable nucleic acid. 

The spleen nucleic acid was certainly absorbed, otherwise it could not have 
exerted such a pronounced effect upon growth. Yet its effeet upon longevity 
was far inferior to the effects of thymus nuclei and yeast nucleic acid, 
which on the other hand exerted no effect upon growth. If the spleen nucleic 
acid was split into its constituents before absorption, and yeast nucleic acid and 
thymus nueleie acid were similarly subjected to complete hydrolysis, then it is 
difficult to see why they should have exerted such widely differing effects upon 
growth and longevity. It appears unavoidable to conclude that spleen nucleic 
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acid, on the one hand, and thymus nucleic acid and yeast nuelei¢ acid on th 
other, were employed differently and probably, therefore, in different stages o! 
hydrolysis, in the metabolism of the animals. Our previously published stud) 
of the metabolism of yeast and spleen nucleic acids in man (8) suggests that 
spleen nucleic acid is less readily split into its constituent parts in the anima! 
body than yeast nucleie acid. It is probable, therefore, that spleen nucleie acid 
was, partially at least, utilized in some less completely hydrolyzed form than 
yeast nucleic acid. Why thymus nucleic acid should resemble yeast nucleic acid 
in this respect, rather than spleen nucleie acid, is not at all clear, for chemical 
investigation has not vet revealed any difference between these two nucleie acids 
of animal origin (4). 

On the other hand, the method employed for the preparation of the thymns 
nuclei would not have removed guanylic acid, which is present in thymus tissue, 
and is probably derived from vegetable nucleic acids by partial hydrolysis (2 
It is possible, therefore, that the observed effects of thymus nucleic acid were 
partially attributable to guanylie acid, which would constitute one of the four 
nucleotides derivable from veast nucleic acid. The spleen nucleic acid was a 
coarsely granular preparation, not easy to incorporate uniformly with the egg 
in which it was administered to the animals. This may have rendered it less 
easy to absorb from the alimentary canal, which would account readily enough 
for its comparative lack of effect upon longevity. It would not account at all, 
however, for its superior effect upon growth. Furthermore, our investigations 
upon the metabolism of yeast and spleen nucleie acids in man, to which reference 
has been made, showed that although this preparation of spleen nucleic acid was 
- slightly less readily absorbed than the yeast nucleic acid, yet the difference of 
absorption was in no way comparable with the difference of effect upon longevity 
which was noted in these experiments upon mice. The interpretation of these 
peculiar differences in the effects of nucleic acids of various origin must there- 
fore await the outcome of further investigation. 


METHODS EMPLOYED. 


Thymus Nuclei. The method of preparing thymus nuelei was that of Abder- 
halden and Kashiwado (1), slightly modified as follows: 

Thymus glands from calves were thoroughly freed from adherent fat and 
then finely minced. Two and a half kilos of minced tissue were suspended in 


Te ; ; ae ; 
6-5 litres of tenth normal hydrochloric acid in 1 sodium chloride (total mole- 


: ; , N nn mo as I . 
eularity of the solution = ps ). To this was then added 5-5 litres of M sodium 
) 


chloride in which had been dissolved 10 grammes of pepsin seales. Sixty cubic 
centimetres of chloroform were added to the mixture, which was kept at 34°C. 
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to 37°C. for a week, shaking thoroughly twice a day. At the end of the week 
10 grammes more of pepsin scales and 60 cc. more of chloroform were added, and 
the mixture digested, as before, for another week. The supernatant fluid was 


, , si . M 
then syphoned off, and the residue centrifuged and suspended repeatedly in — 


sodium chloride until the washings were neutral. The residue was then dried 
upon a boiling water-bath, taken up in about 600 ce. of ether containing 50 ce. 
of aleohol, kept for a few days standing under this mixture, and then again 
dried on the water-bath, together with the ether. This procedure was adopted 
to secure the complete disintegration of the nuclei, which, it was thought, might 
otherwise partially escape digestion when administered to animals. Microscopic 
examination of the nuclei before drying showed that they were intact, and that 
only a very small proportion of them retained small adherent shreds of 
cytoplasm. 

The yield of thymus nuclei was determined by weighing each sample, and 
the material was administered to the animals in such proportion as to correspond 
to } gramme of fresh thymus tissue per day. The vield per gramme of thymus 
varied in different lots between 0-07 and 0-08 grammes. According to P. A. 
Levene (3), 150 grammes of nucleic acid are obtainable from 10 lbs. (4,500 
vrammes) of thymus. This yield would correspond to 33 milligrammes of nucleic 
acid per gramme of thymus, or 16 milligrammes per day in the dose adminis- 
tered to the mice. 

Yeast Nucleic Acid. A commercial product was used, purchased from The 
British Drug Houses Ltd. 

Spleen Nucleic Acid. The spieen nucleic acid was prepared by a modifica- 
tion of the method of Levene (3), as follows: 

The spleens, in 10-lb. lots, were stripped of their connective tissue covering, 
vround in a mincer, and then transferred to 5 litres of water, containing 250 
vrammes of sodium hydroxide. The mixture was heated to boiling in enamel 
buckets, being mechanically stirred meanwhile. Boiling was continued for 35 
minutes. The mixture was then neutralized with glacial acetic acid, the neutral 
point after a little experience being recognizable by the change of colour of the 
mixture. Fifty ec. of colloidal iron solution (British Drug Houses Ltd.) were 
then added, and the mixture filtered. A small amount of CaCl. solution was 
added to the filtrate to remove excess of colloidal iron, and the solution again 
filtered after allowing to stand overnight. To 3 litres of this filtrate were added 
500 ee. of concentrated HCl and 8 litres of 98% ethyl alcohol, containing 5% 
of methyl aleohol. The precipitate was collected and washed with ethyl-methy] 
aleohol mixture until free from HCl, the final washing being with pure ethyl 
aleohol. The precipitate was dried at 37°C., and used without further purifica- 
tion. It contained 13:97% of nitrogen (theoretical 14-79%) and 9-23% of 
phosphorus (theoretical 8-73%). It contained a very appreciable but undeter- 
mined amount of iron, which, however, could not have been responsible for the 
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effects of the preparation upon growth, since unpublished experiments conducted 
in the author’s laboratory in the University of California in the years 1916-1915 
showed that the administration of iron (ferric chloride) in non-toxic amounts 
to animals already in receipt of a varied and abundant diet is unaccompanied 
by effects of any kind upon their growth. 

Feeding and Care of the Animals. The technique employed in housing 
and caring for the animals has been fully described in previous publications (%, 
10). Epidemic disease has been totally eradicated from our present stock of 
animals by the rigorous sacrifice in the past of all infeeted animals, so that 
infections, other than occasional local infection of males through injuries received 
in fighting, did not affect the results in any way. Deaths attributable to infee- 
tions following injury were recorded as ‘‘aecidental.”’ 

The diet consisted of rice cooked in a double-walled boiler with a mixture 
of equal parts of milk and water. The rice was cooked until the grains were 
soft and vet separated from one another. This was administered to the animals 
every morning (except Sundays), and a handful of maize (dipped in boiling 
water to prevent possible introduction of favus) every evening. Each compart- 
ment of six animals received 6 ce. of mixed and strained white and yolk of 
egg every morning before any other food was administered. This was shared 
between them, and was almost invariably consumed completely during the 24 
hours, except by the very youngest animals and extremely aged animals (over 
800 days), which oceasionally left a portion of it unconsumed. The allowance 
of egg was reduced in proportion as deaths reduced the populations of the 
compartments. The various nucleic acids were incorporated in the egg in such 
proportion that the required daily dose for each mouse was contained in 1 ce. 

Graphic Method of Recording Results. The diagrams in figures 1 to 4 were 
constructed in accordance with principles which have been discussed in previous 
communications (7, 10, 11). The growth of each group of animals is repre- 
sented, not, as usual, by a line connecting the observed averages, but by a shaded 
ribbon-like area, of which the centre at any age is the observed average weight 
and the width is twice the ‘‘ probable error’’ of the average. The average weight 
and the degree of certainty attaching to the average are thus simultaneously 
displayed, and we can say that any similar group of animals would, more prob- 
ably than not, yield a curve of growth lying wholly within the shaded area. For 
equal numbers of animals also the width of the area is proportional to their 
variability. Where two such shaded areas overlap they are to be regarded as 


‘*possibly identical.’’ Overlapping portions of the areas, therefore, represent 
averages which cannot be certainly stated to differ significantly from one another. 
When only five survivors remain the computation of the probable error of the 
average becomes meaningless, and the curve is continued as a broken line, which 
represents, in the usual way, the average weights of the survivors. 

The mean durations of life are similarly represented by circles, of which 
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the centres are situated at the observed average age of death, and the diameters 
are twice the probable errors of the averages. When two such circles intersect 
it means that the life durations of the two groups of animals concerned cannot 
certainly be said to differ. The diameters of the circles also display the relative 
variabilities of life-duration. 

Curves are also inset in each diagram, which display the percentages of 
survivors of each class of animals at successive intervals of 50 days. Accidental 
deaths are excluded in the computation of the survival curves and the life- 
durations of the experimental and control groups of animals. 


DETAILED ANALYSIS OF RESULTS. 
Comparison of Mice Receiving Thymus Nuclei with Normal Mice. 

(a) Males (Figure 1, Tables 1 and 3). The curves of growth are identical 
until the eightieth week, when the normals begin to fall and the treated animals 
to rise in weight, leading to a slight separation of the curves. The age at which 
only five individuals survive is twenty-two weeks later in the treated animals 
than in the controls. The average duration of life is eleven weeks longer in the 
treated than in the control animals. The survival-curve of the treated animals 
is widely separated from that of the normals, and is consistently superior to it, 
except at 50% (about 650 days), when the two curves temporarily approach one 
another closely. The variability of treated animals is increased in comparison 
with the normals. 

(b) Females (Figure 2, Tables 2 and 4). The curves of growth are virtu- 
ally identical until the seventieth week, when they diverge, owing to the con- 
tinued ascent of the curve of growth of the treated animals and the descent of 
the curve of growth of the controls. The separation is more distinet than in the 
case of the males. The age at which only five individuals survive is sixteen 
weeks later in the treated animals than in the controls. The average duration 
of life is fifteen weeks longer in the treated than in the control animals. The 
survival curve of the treated animals is widely separated from that of the 
normals and consistently superior to it. The variability of treated animals is 
decidedly increased in comparison with the normals. 

Comparison of Mice Receiving Yeast Nucleic Acid with Normal Mice. Only 
males were employed in this experiment (figure 3, Tables 5 and 6). Growth is 
slightly but definitely retarded from the tenth to the thirtieth week. Thereafter 
the curves virtually coincide, but from the seventieth to the ninetieth weeks the 
curve for the treated animals only just touches the upper margin of the curve 
for normals. In other words, there is a detectable tendency for the curves to 
separate at this age. The age at which only five individuals survive is fourteen 
weeks later in the treated animals than the controls. The average duration of 
life is also fourteen weeks longer in the treated than in the control animals. The 
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survival curve of the treated animals is consistently superior to that of th 
normals. The variability of the treated animals is increased in comparison wit! 
the controls. 

Comparison of Mice Receiving Spleen Nucleic Acid with Normal Mic: 
Only females were employed in this experiment (figure 4, Tables 7 and 8), an 
the controls were not litter-sisters of the experimental group, having been bor» 
some two months earlier. They were produced, however, from females of th: 
same generation (litter-sisters of those which produced the experimental! 
animals) by the same fathers. The relationship of the controls to the experi 
mental group was therefore closer than first-cousinship, since not only were th 
female parents litter-sisters, but the male parents were the same for both groups 

After slight but definite retardation between the sixth and eighteenth weeks 
the curve of growth of the treated animals cuts that of the normals and rises 
rapidly above it, the mid-points of the curves becoming separated by 4-65 
grammes at 72 weeks. After 78 weeks the growth curve of the treated animals 
falls almost as rapidly as it rose, while the normal curve continues to rise with 
the slight, steady incline which is characteristic of the normal growth-curve in 
the mouse (7). In consequence the two curves intersect again at 92 weeks, and 
thereafter coincide. The variability of the treated animals is consistently greater 
than that of the controls. The age at which only five individuals survive is two 
weeks later in the normal than in the treated animals, but the mean duration 
of life is 4-5 weeks longer in the treated animals than in the controls. This 
difference lies within the combined experimental errors of the estimates. The 
survival curve of the treated animals is definitely superior to that of the controls 
only between the 600th and 700th days of age. At other ages the survival curves 
virtually coincide. 


SUMMARY. 


1. Thymus nuclei, in daily doses corresponding to 0-5 grammes of fresh 
thymus tissue, and yeast nucleic acid in daily doses of 25 milligrammes, exert 
little effect upon the growth of mice until after the seventieth week of age, when 
the senescent loss of weight which occurs in normals is delayed, so that the 
weight of treated animals becomes superior to that of the controls. Longevity, 
however, is considerably enhanced by both thymus nuclei and vegetable nucleic 
acid, the prolongation of life being eleven weeks, or 12-6% of the normal life- 
duration for males, and fifteen weeks, or 17% of the normal life-duration for 
females in receipt of thymus nuclei, while for males in receipt of yeast nucleic 
acid the increase of life-duration is fourteen weeks, or 16% of the normal life 
duration. 

2. Spleen nucleic acid, in dosage of 15 milligrammes per mouse daily, causes 
very decided acceleration of growth subsequently to eighteen weeks of age, the 
two curves becoming separated at 72 weeks of age by 4:65 grammes. After 75 
weeks the treated animals lose weight rather rapidly, so that at 92 weeks the 
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curves again coincide. On the other hand, duration of life is only increased by 
i-5 weeks, an increase which lies within the combined experimental errors of 
ihe estimates. 

3. On the whole the effect of nucleic acid appears to consist essentially in a 
tendeney to promote late (post-adolescent) growth and to enhance longevity. 
These two effects would appear, however, to be mutually opposed, so that when, 
as with spleen nucleic acid, the growth effect predominates, the effect upon 
longevity is at a minimum. If we suppose that the effects of nucleic acid are 
attributable to the sustainment of the mass of nuclear material in the cell, or its 
enhancement, then provided the cytoplasmic mass does not increase beyond the 
normal rate, i.e., provided excess of growth does not occur, the nucleo-cytoplasmic 
ratio should increase in comparison with the normals, and longevity should be 
enhanced. If, however, excess growth does occur then, to that extent, the nucleo- 
cytoplasmic ratio must be diminished and increased longevity should not occur. 
This obviously corresponds with the facts observed, and to this extent the results 
are consistent with the conception that life-duration is dependent upon the 
magnitude of the nucleo-cytoplasmie ratio. 

4. In every instance administration of nucleic acid or of materials rich in 
nucleic acid (thymus nuclei) enhanced the variability of the animals. This may 
be related to inherent differences among the animals in their capacity to absorb 
nucleie acid from the alimentary canal, either arising directly from differences 
of absorptive capacity or indirectly out of differences in the rate of decomposi- 
tion of nucleic acid in the intestine. 
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TABLE 1. 


T. BRAILSFORD ROBERTSON 


Growth of Normal Male White Mice, 1922-24. 


Mean weight 
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TABLE 2. 


Growth of Normal Female White Mice, 1922-24. 
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Growth of Male White Mice Receiving Thymus Nuclei, 1922-24. 
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TABLE 5. 


T. BRAILSFORD ROBERTSON 


Growth of Normal Male White Mice, 1924-26. 


Mean weight 
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grammes. 
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30. 


30.2 


30. 
30 

29. 
29. 


30.5 


30. 


-98 
.39 


Probable 


error of 


the mean. 
.34 

+(. 
-32 
.30 
37 
-38 
-83 
+(). 
+0. 
+(). 


+0 


+0 
+0 
+0 
+0 
+0 


+90 
+0 


+0 


+() 
+0 
+0 
+0) 
+0 
+0 


+0 
+0 
+0 
+0 
+0 
+0 


+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 
+0 


29 


28 
31 


26 


.29 
.30 
+0. 
.29 
+(). 
-33 
-35 
-36 
34 
-34 
-33 
+0. 
-33 
-34 
-34 
388 
-33 
-33 
+(). 
-31 
.33 
35 
-36 
.36 
-31 
-35 
-38 
-35 
.39 
.36 
.38 


29 


32 


33 


32 


Number 


of 


Animals. 


femch bah fa fh ed fh fa fh ted beh fed CAD hin Me 


Mortality Statistics. 
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TABLE 6. 


Growth of Male White Mice Receiving Vegetable Nucleic Acid, 1924-26. 


Number Age 


of in 
\nimals. weeks. 
29 5 
36 6 
36 7 
36 s 
36 9 
36 10 
36 1] 
36 12 
36 13 
35 14 
34 15 
34 16 
34 17 
34 18 
34 19 
34 20 
34 21 
34 22 
34 23 
33 24 
33 25 
33 26 
32 27 
32 28 
32 29 
32 30 
32 32 
32 34 
32 36 
32 38 
32 40 
32 42 
32 44 
32 46 
31 48 
28 50 
28 52 
28 54 
27 56 
27 58 
27 60 
27 62 
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Animals. weeks. 
26 64 
26 66 
26 68 
25 70 
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24 74 
21 76 
19 78 
19 80 
19 82 
19 84 
19 86 
18 88 
17 90 
15 92 
14 94 
13 96 
13 98 
13 100 
1] 102 
1] 104 
10 106 
8 108 
7 110 
7 112 
7 114 
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7 118 
7 120 
7 122 
7 124 
5 126 
4 128 
4 130 
3 132 
3 134 
3 136 
3 138 
] 140 
] 142 
1 144 
] 146 
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TABLE 7. 


T. BRAILSFORD ROBERTSON 


Growth of Normal Female White Mice, 1924-27. 


Number Age Meanweight Probable Number Age 
of in in error of of in 
Animals. weeks. grammes. the mean. Animals. weeks. 
32 5 11.14 +0.26 28 58 
36 6 13.36 +0.28 27 60 
36 7 14.28 +0.25 27 62 
36 8 15.49 +0.25 27 64 
36 9 16.83 +0.25 27 66 
36 10 17.90 +0.22 26 68 
36 11 18.89 +9.21 25 70 
35 12 19.50 +0.22 25 72 
35 13 20.01 +0.23 24 74 
35 14 20.46 +0.22 23 76 
35 15 20.91 +0.23 22 78 
35 16 21.47 +0.23 20 80 
34 17 21.66 +0.23 17 82 
34 18 21.99 +0.25 14 84 
34 19 22.37 +0.24 13 86 
34 20 22.41 +0.25 13 88 
34 21 22.74 +0.25 12 90 
34 22 22.97 +0.25 12 92 
34 2 23.04 +0.25 11 94 
34 24 23.50 0.26 11 96 
33 25 23.58 +0.25 1] 98 
33 26 23.65 +0.26 11 100 
33 27 23.92 +0.27 10 102 
33 28 24.12 +0.28 10 104 
33 29 24.26 +0.31 10 106 
32 30 24.67 +0.30 9 108 
33 32 24.86 +0.31 9 110 
33 34 25.06 +0.33 8 112 
33 36 25.48 +0.34 8 114 
33 38 26.09 +0.35 8 116 
33 40 26.38 +0.34 6 118 
33 42 26.94 +0.35 6 120 
32 44 26.92 +0.37 5 122 
31 46 27.40 +0.38 4 124 
31 48 27.61 +0.39 4 126 
31 50 27.73 +0.41 4 128 
29 D2 27.67 +0.44 3 130 
29 54 28.03 +0.46 3 132 
28 56 28.43 +0.48 I 134 
Mortality Statistics. 
(Accidental deaths excluded. ) 
At Age. Per cent. of Survivors. At Age. 
250 days 100 650 days 
300 100 700 =, 
350 ,, 94.1 OO 5 
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TABLE 8. 





Growth of Female White Mice Receiving Spleen Nucleic Acid, 1924-27. 


Number Age 


of 


\nimals. weeks. 


7 


in 


At Age. 
250 days 
800 ,, 
350 
400 ,, 
450 
500 _,, 
550 
600 
650 





Mortality Statistics. 


Mean weight Probable Number Age 
in error of of in 
grammes. the mean. Animals. weeks. 
11.67 .. x+0.29 ee 64 
13.26 .. +0.26 BO ws 66 
13.71 .. 0.24 29 .. 68 
14.49 .. 40.24 me. si 70 
15.42 .. +0.24 a .. 
17.10 .. +0.21 =... 
17.99 .. +0.18 ae 76 
18.63 .. 0.22 so .. 
19.18 .. +0.22 25 .. 80 
19.78 .. +0.21 24 .. 82 
20.31 .. +0.21 ae 84 
20.82 .. +0.22 a 86 
21.29 .. +0.22 22. (tw. 88 
21.76 .. +0.23 =~ shlU 
22.25 .. 40.24 19 .. 
22.57 .. +0.22 19 .. 9% 
22.97 .. 40.23 16... = =96 
23.54 .. +%0.25 . « oe 
23.78 .. +0.25 14 .. 100 
24.15 .. +0.25 a « Be 
24.47 .. +0.27 3 .. Ws 
24.68 .. +0.28 Ss .. 
25.13 .. +0.27 10... 108 
25.31 .. +0.29 > .. te 
25.81 .. 0.30 e+ « Be 
26.01 .. x+0.32 8 114 
26.29 .. +0.31 7 116 
26.78 .. +0.33 7 119 
27.57 .. 20.38 6 120 
28.07 .. +0.38 5 122 
28.24 .. +0.40 5 124 
28.50 .. +0-40 4 126 
29.29 .. +0.48 3 128 
29.51 .. +0.48 3 130 
30.09 .. 0.54 2 132 
30.15 .. 0.55 2 134 
30.76 .. 0.60 2 136 
31.02 .. 0.61 2 138 
31-06 .. 40.65 2 140 
31.20 .. +0.67 1 142 
31.56 .. +0.69 1 144 
82.16 .. +0.77 


Mortality Statistics. 
(Accidental deaths excluded. ) 


Per cent. of Survivors. At Age. 
100 700 days 
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97.1 800 ,, 
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Mean duration of life, 664 + 20 days. 
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THE INFLUENCE OF THYROID ALONE AND OF 
THYROID ADMINISTERED TOGETHER WITH 
NUCLEIC ACIDS UPON THE GROWTH AND 
LONGEVITY OF THE WHITE MOUSE 
by 


T. BRAILSFORD ROBERTSON 


(From the Department of Biochemistry and General Physiology, 
University of Adelaide, South Australia) .! 


(Submitted for publication 3rd February, 1928.) 


STATEMENT OF THE PROBLEM AND OUTLINE 
OF THE RESULTS. 


For theoretical reasons, which need not be dwelt upon in this paper, it was 
considered of importance, in connection with the experiments upon the effects 
of nueleie acids upon growth and longevity which are recorded in the preceding 
paper, to investigate the modification of these effeets which might be induced by 
simultaneous administration of thyroid. While doing this, however, it was 
necessary for the purpose of control to reinvestigate, upon the same experimental 
animals, the effects of the administration of desiccated thyroid tissue alone. 

The effect of administration of thyroid tissue upon the growth of mice 
appears not to have been previously studied. Investigators who have examined 
the effects of thyroid upon growth appear to have confined their attention to 
rats, rabbits, and dogs. The literature on this subject has been fully reviewed 
by Cameron and Carmichael (1). who have contributed the most extensive 
investigations upon the influence of thyroid feeding upon the growth of the white 
rat. Not even Cameron’s results, however, vield any information as to the 
ultimate outcome of continuous thyroid feeding to animals, for no one has 
hitherto made any attempt to ascertain the effects of continuous administration 
of thyroid upon longevity. Our stock of animals, entirely free from epidemic 


1 These experiments were initiated in 1922 and the expenses of the investigation were 
defrayed until February, 1927, by the Animal Products Research Foundation of the University 
of Adelaide. The manufacture of the large amounts of Spleen Nucleic Acid employed in 
some of the experiments was rendered possible by a grant from the Commonwealth Department 
of Health. Since February, 1927, the expenses of the investigation have been defrayed by the 
Commonwealth Council for Scientific and Industrial Research as part of its programme of 
investigation of factors which determine the growth and nutrition of animals. 
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disease, offers exceptionally good material for studies of longevity, and in vie. 
of the importance of thyroid as a therapeutic agent it appeared advisable, even 
apart from the control of our own experiments, to utilize this material to 
ascertain the effects of continuous thyroid administration upon the ‘‘expectatio. 
of life.’’ 

The dosage employed was 1:5 milligrammes of pulverized Burrough,- 
Welcome thyroid tablets per mouse per day. This was incorporated in 1 ee. « 
mixed white and yolk of egg, which was fed to the animals daily before an 
other food was administered. This dose corresponds to 1 in 10,000 of the weig! 
of the animals at the period of most rapid growth (about 7 weeks of age), and 
1 in 20,000 of their weight at its maximum. From the relation between th 
average weights of thirty ‘‘five grain’’ tablets and the weight of fresh thyroi 
tissue to which these were stated on the label to correspond, the dose was esti 
mated to be equivalent to 1-9 milligrammes of fresh thyroid tissue, or 1 in 10,000 
of the body-weight of the animals at from 9 to 10 weeks of age, and 1 in 16,000) Py 
of the body-weight of fully-grown animals. Only males were employed in this 
experiment, and the controls were litter-brothers of the experimental animals. 

To our surprise our results were the direct opposite of those obtained by) 

Cameron and Carmichael in rats. Instead of the retardation of growth observed 
in rats, growth was quite plainly accelerated, and to an extent which, as the 
diagram shows (figure 2), was considerably in excess of the combined experi 
mental errors of the estimates. This discrepancy between the results obtained 
with rats and mice may possibly be related to the well-known fact, discovered by 
Reid Hunt (6), that whereas thyroid administration reduces the tolerance of 
' rats for acetonitrile, the resistance of mice to this drug is very considerably 
increased by thyroid. Probably, however, the discordance of results may be 
attributable to the difference between the technique of administration adopted 
by Cameron and Carmichael and that which was employed in the present 
experiments. In Cameron’s investigations the dosage was proportioned to the 5 
weight of the animals, and therefore increased as the animals grew. In these 
experiments the actual dosage remained constant, so that the proportionu!/ 
dosage diminished with the growth of the animal. At the beginning of the 
experiment, at 5 weeks of age, the dosage employed was actually 1 in 8,000 of 
the body-weight. At the maximum weight of the animals (50 to 70 weeks of 
age) it had sunk to 1 in 20,000. Now it has been shown by Cameron and others 
(2, 3, 4, 5, 7} that the administration of thyroid, even for comparatively brief 
periods, induces hypertrophy of certain organs (liver, kidneys, heart, spleen, ‘ 
lymph glands, and adrenals), and that the degree of hypertrophy elicited is 
proportional to the dosage employed. It is possible that the hypertrophy, which 
was initially adjusted to a dosage of 1 in 8,000 or 10,000 of the body-weight, \ 
overcame the effect of the retardation of the growth of other tissues (muscle, ‘ 
ete.) as the relative dosage sank, so that of the opposite effects of thyroid upon 








i 
¥ 
" 
He 








THRYOID AND NUCLEIC ACIDS 71 


diverse tissues the one predominated in this experiment, the other in Cameron’s. 
Further experiments upon rats and mice, in which both methods of administra- 
tion are employed, will be necessary before we can decide whether the discrep- 
ancy between the results obtained in this experiment and in Cameron’s is 
attributable to a specific difference between the reactions of rats and mice to 
thyroid or to the difference in the techniques of administration. 

Longevity was decidedly reduced by thyroid administration (15 weeks, 
equivalent to 14 per cent. of the life-duration of normal animals). It cannot be 
contended that this was due to toxicity of the thyroid in the ordinary sense of 
the word, because, as we have seen, the animals grew more rapidly. The maxi- 
mum growth finally attained (at 50 weeks) did not exceed that attained by the 
normals at a later age (70 weeks) ; it was simply attained more rapidly. The 
entire life-eyele, in fact, was accelerated and abbreviated. 


PER CENT SURVIVORS. 











—— ~- an Tannen — —~-—— or 
550 600 650 700 7 a0 60 300 $0 160 
AGE IN DAYS 
Figure 1. Comparison of the survival-curve of normal male mice of 550 days of age 
vith that of male mice of the same age which thereafter received 15 milligrammes of 
spleen nucleic acid and in addition, during the first six weeks, desiccated thyroid 
equivalent to 1.9 milligrammes of fresh thyroid tissue daily. 


It was desired to ascertain the effect of thyroid, administered in conjunction 
with nucieie acid, upon the viability of mice which were already fairly advanced 
in age. Accordingly, forty-two male mice, 550 days old, were given 3-0 milli- 
vrammes of powdered thyroid tablets daily, together with 15 milligrammes 
of nueleie acid. The animals averaged about 30 grammes in weight at 
the beginning of the experiment, so that the dosage administered was one- 
ten-thousandth of the body-weight, corresponding to the dosage administered to 
younger animals (7 weeks old) in the previous experiment. It will be recol- 
lected that this dosage actually promoted the growth of the younger animals, 
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but to the older animals it was extremely injurious. They died in rapid succe.- 
sion, the survival curve falling steeply below that of the control animals of the 
same generation (see Table 5, also Table 5 in the preceding paper, for the 
mortality statistics of the controls). After 6 weeks one-third of the animals ha«| 
died, and realizing that the remainder would also die very rapidly, the admini 
tration of thyroid was discontinued. The administration of spleen nucleic acii 
was maintained. The survival curve immediately responded to the discontinu- 
ance of the thyroid (figure 1), and began to approach the survival curve for 
normals. At 700 days the two survival curves coincided, that is, the proportion 
of survivors was now exactly what it would have been if no treatment whatever 
had been instituted. Thereafter the survival curve of the treated animals was 
consistently and remarkably superior to that of the controls (figure 1, Table 5 
so that comparing the average life-durations of the two groups of animals 
surviving at 700 days, the treated animals had an ‘‘expectation of life’’ of 172 
days, which is 95 days longer than the normal expectation of animals of this age 
(77 days). The expectation of life of these animals was, in other words, con 
siderably more than doubled. 

No explanation of this phenomenon can be offered. It was not due, of 
course, to the weeding out of weaklings by the preliminary administration of 
thyroid, because the ‘‘strong’’ survivors would also have been present among 
the controls, and should have attained at least an equal longevity with those 
which had been treated. In other words, no selective assortment of the animals 
will account for the result; the animals were themselves definitely altered in 
their response to the strains imposed upon them by their age and environment. 
‘Whether this is a normal after-effect of discontinued thyroid administration 
cannot as yet be stated. The hypertrophy of various organs which results from 
thyroid administration continues to be evident, as Cameron has shown, for 
some time after administration has ceased (2), and it is conceivable that this 
hypertrophy, if the life-abbreviating action of thyroid itself were removed, 
might promote the subsequent well-being of the animals. On the other hand, 
although spleen nucleic acid by itself. and in conjunction with continuous 
thyroid administration (see below), does not prolong the life of animals to which 
it is administered, yet under the circumstances of this experiment (brief exces- 
sive administration of thyroid and continued administration of the nucleic acid) 
the spleen nucleic acid may have exerted much more pronounced effects, similar 
to those of thymus nucleic acid, and thus have participated in bringing about 
this remarkable result. Further experiments upon the subsequent effects of 
discontinued thyroid administration, with and without simultaneous adminis- 
tration of nucleic acids of various origin, are being undertaken, and the origin 
of the phenomenon must remain uncertain until the outeome of these experiments 
is known. 


If the spleen nucleic acid did not enhance the toxicity of thyroid (and the 
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xperiments detailed below give no indication of any such action), then we must 
conclude that when dosage is estimated in terms of body-weight, old mice are 
very much less tolerant to thyroid than young animals. I have been informed 
by clinicians that aged human beings are less tolerant to thyroid medication 
than young people, but I am unaware to what extent this opinion is generally 
held, and I have not as yet found any reference to such phenomena in the 
literature. An invariable accompaniment of death during the period of excessive 
thyroid administration was a very noticeable enlargement of the heart. 

Coming now to the main experiments, in which thyroid was administered to 
the animals in conjunction with nucleic acids throughout the duration of their 
lives, in the first experiment, owing to the difficulty experienced in obtaining 
supplies of thymus locally, desiccated thymus tissue manufactured by the 
Digestive Ferments Company of Highland, Illinois, was administered to the 
animals in daily dosage corresponding to 0-5 grammes of fresh thymus tissue. 
This preparation, which had presumably been defatted, represented one-seventh 
of the weight of the fresh tissue. Thyroid substance in daily dosage of 1-5 
milligrammes was administered simultaneously, both addenda to the diet being 
incorporated in 1 ee. of mixed white and yolk of egg. Only females were 
employed, and the controls were litter-sisters of the experimental animals. 

The results (figure 3, Table 3, and Table 7 in the preceding paper) show 
that the animals in receipt of thyroid and thymus issue grew more rapidly than 
the controls. They also attained a somewhat greater maximum weight (31-35 
grammes, compared with 30-46 grammes). The longevity of the treated animals 
did not differ to any appreciable extent, however, from that of the controls. In 
the preceding paper it has been shown that administration of thymus nuclei 
increases the life-duration of animals by from 12-5‘ to 17%, while, as we have 
seen, thyroid tissue, in the dosage employed, diminishes life-duration to approxi- 
mately the same extent. A valuable check upon both estimates is therefore 
afforded by this experiment, in which combined administration of both agents 
resulted in the restoration of normal life-duration. 

In an experiment which was started some two months later than the above, 
employing the same controls, thyroid in the same dosage was administered in 
conjunction with 15 milligrammes per day of spleen nucleic acid. The methods 
employed in the manufacture of the spleen nucleic acid are fully described in 
the preceding paper (8). The dosage employed corresponded to the nucleic 
acid content of 0-5 grammes of fresh thymus tissue. Only males were employed 
in this experiment. The controls were not litter-brothers of the experimental 
animals, but they were offspring of litter-sisters of the females which produced 
the controls, by the same males. 

The experimental animals were initially (at 5 weeks of age) somewhat 
inferior in weight to the control animals (1-53 grammes). Nevertheless, they 
caught up to the controls by 17 weeks, and thereafter, until 40 weeks, exceeded 
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them in weight (figure 4, Tables 1 and 4). In a future publication it will be 
shown that in any given group of animals, treated alike, those which are initially 
inferior to the average in weight never catch up to those which are initially 
superior to the average. In consequence of this we may infer that had the 
control and experimental animals been initially of the same weight the animals 
in receipt of thyroid and spleen nucleic acid would have exceeded the weight «f 
the controls sooner and to a greater extent than they actually did in this exper 
ment. We may conclude, therefore, that when administered in conjunction wit! 
spleen nucleic acid, thyroid in the dosage employed still exerts its characterist 
action in accelerating the growth of young animals. Life-duration was abbrevi- 
ated in the experimental animals to the extent of ten weeks. Unlike thymus 
nucleic acid, therefore, spleen nucleic acid does not wholly neutralize the effect 
of thyroid in abbreviating life-duration, and this is in satisfactory accord wit!) 
the fact, shown in the preceding paper. that spleen nucleic acid does not prolony 
hife-duration to any decisive extent. The actual prolongation observed with 
15 milligrammes of spleen nucleic acid alone was 4-5 weeks. The abbreviation 
of life-duration due to thyroid alone was, as we have seen, 15 weeks. The 
algebraic sum of these effeets should result in a life-abbreviation of 10-5 weeks, 
a figure most remarkably close to that actually observed. We may conclude 
from this experiment, and that upon the administration of thyroid in conjunc 
tion with thymus, that the effects of thyroid and nucleic acids upon life-duration, 
when administered together, are algebraically additive. The fact that such 
complex physiological interactions as these can be quantitatively computed from 
the mortality statisties to within 5% of their true value constitutes a remarkable 
testimony to the accuracy and utility of the estimations of life-duration obtained 
in these investigations. Especially they show the practicability of accurate 
estimations of longevity, provided the animals, as in these experiments, are 
totally free from epidemic infections.” 


DETAILED ANALYSIS OF RESULTS. 


The methods of feeding and caring for the animals employed in these 
experiments, and the principles underlying the construction of the graphs in 
figures 1 and 3 to 6, are fully described in the preceding paper. 

Comparison of Mice Receiving Desiccated Thyroid Tissue with Normal Mice. 
Only males were employed. The controls were litter-brothers of the experi 
mental animals (figure 2, Tables 1 and 2). Growth is accelerated and 
augmented from the tenth to the seventieth weeks, but the maximum weight 


2 The causes of death were diseases generally characteristic of old age, that is, sclerosis of 
the auricles, degenerative lesions of the liver and kidneys, and, in over 50 per cent. of cases, 
neoplasms of which much the most frequently occurring was a lymphadenoma, the relationship 
of which to the differential white cell count in the blood forms the subject of the paper by 
Dr. F, MeCoy Hill which appears elsewhere in this issue. 
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attained does not exceed that which is ultimately attained by the controls. Fro. 
40 to 70 weeks the two curves approach one another, coinciding at 70 weeks azil 
thereafter. The age at which only five animals survive is 24 weeks earlier :n 
the animals receiving thyroid than in the controls, and the mean duration of 
life is fifteen weeks less than in the controls. The survival curve of the thyro 
fed animals is decidedly inferior to that of the normals. The variability  f 
thyroid-fed animals does not differ appreciably from the variability of norm: 
animals. 

Comparison of Mice Receiving Thyroid and Thymus Tissue with Norm 
Mice. Only females were employed. The controls were litter-sisters of the 
experimental animals (figure 3, Table 3, and Table 7 in the preceding paper 
The two curves diverge from the tenth week onwards, the curve of the treated 
animals rising above that of the normals to a maximum divergence of about 
2-6 grammes. The maximum weight attained by the treated animals is som 
what in excess of that attained by the normals. The curves converge after 7!) 
weeks, and cross at 82 weeks, owing to rapid loss of weight of the treated animals 
The age at which five animals survive is twelve weeks less in the treated animais 
than in the controls, but the life-durations of the two groups are identical. The 
survival-eurve of the treated animals is slightly but consistently superior to that 
of the normals until the 700th day, when it falls steeply below the survival-curve 
of the normals. Up to 700 days, it would appear, the nucleic acid effect pri 
dominates; after that the thyroid effect. This may be related to the much 
inferior tolerance of older animals for thyroid. The variability of the treated 
animals is distinctly greater than that of the controls. 

Comparison of Mice Receiving Thyroid Tissue and Spleen Nucleic Acid with 
Normal Mice. Only males were employed. The experimental animals, as stated 
above, were of the same generation as, but not litter-brothers of, the controls 
(figure 4, Tables 1 and 4). The experimental animals were initially inferior in 
weight to the controls, but caught up with them by the seventeenth week, and 
thereafter, until the fortieth week, the treated animals exceeded the weight of 
the controls. From 40 weeks onward the two curves coincide. The age at which 
only five animals survive is sixteen weeks less in the treated animals than in the 
controls. The duration of life is ten weeks less. The survival-eurve of th: 
normal animals is consistently superior to that of the treated animals. The 
animals in receipt of thyroid and spleen nucleic acid were consistently more 
variable than the normals. 

Comparison of Mice Receiving Thyroid Tissue and Spleen Nucleic Acid 
with Mice in Receipt of Thyroid Tissue only. These mice were not litter 
brothers, but closely related mice of the same generation (figure 5, Tables 2 anil 
4). At first sight the curve for thyroid-fed animals differs from that for the 
thyroid and spleen nucleic acid fed animals precisely in the same way that the 
curve for thyroid-fed animals differs from the curve for normal animals (figure 
2), and one might be inclined to infer that the simultaneous administration of 
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spleen nucleic acid had caused thyroid-fed animals to approximate to the normal 
iype. Some such effect would certainly appear to exist, but it is exaggerated 
n the diagram, owing to the fact that the animals in receipt of thyroid and 
spleen nucleic acid were initially inferior in weight to the animals in receipt 
of thyroid alone. If allowance be made for this the effect is much diminished, 
hut may nevertheless exist. Subsequently to 50 weeks of age the two curves 
coincide. The age at which five animals survive is eight weeks less in the 
animals receiving thyroid than in the animals in receipt of thyroid together with 
spleen nucleic acid. The mean duration of life is five weeks less, but this differ- 
ence does not exceed the combined experimental errors of the estimates. The 
survival-eurve of the animals in receipt of thyroid and spleen nucleie acid is 
slightly but consistently superior to that of the animals receiving thyroid alone. 
All of these phenomena point in the same direction, namely, that spleen nucleic 
acid in dosage of 15 milligrammes a day exerts a slight action in diminishing 
the effects of thyroid tissue upon life-duration. 

Comparison of Mice Receiving Thyroid and Thymus Tissue with Mice 
Receiving Spleen Nucleic Acid. Only females were employed. The two groups 
of animals were not litter-sisters, but were closely related animals of the same 
generation. They coincided in initial weight (figure 6, Table 3, and Table 8 in 
the preceding paper). Had spleen nucleic acid been the physiological equiva- 
lent of thymus nucleus acid, then these two groups of animals should have 
differed merely in the administration of thyroid to the one group and not to 
the other. The difference between the two groups should have been similar to 
the difference between thyroid-fed animals and normal animals. The wide 
difference between the two diagrams (figures 2 and 6) displays at once the 
complete dissimilarity of the actions of thymus and spleen nucleic acids, to which 
attention has been drawn in the preceding paper. From the sixth to the thirtieth 
weeks, it is true, the two groups of animals differ in the anticipated sense, but 
from the forty-second week onward the characteristic effect of thymus nucleic 
acid in promoting late growth brings about a wide divergence of the two curves 
which would not be noted between the curves of normal and thyroid-fed animals. 
The age at which only five animals survive is twelve weeks earlier in the animals 
receiving thyroid and thymus tissues than in the animals in receipt of spleen 
nucleic acid. The life-duration of thyroid and thymus-fed animals is 6-3 weeks 
inferior to that of the animals receiving spleen nucleic acid. This difference only 
just exceeds the combined experimental errors of the estimates. This is because, 
as we have seen, thymus tissue neutralizes the effect of thyroid in abbreviating 
life-duration, while spleen nucleie acid only slightly enhances the viability of 
the animals to which it is administered. The life-duration of animals in receipt 
of thyroid and thymus tissue, therefore, does not differ appreciably from normal 
life-duration, while that of animals in receipt of spleen nucleic acid only slightly 
exceeds the normal. The life-durations of the two groups consequently differ 
to an extent which is only just significant. 
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SUMMARY. 


1. The effect of desiccated thyroid tissue, administered continuously to white 
mice in a dosage corresponding to 1-9 milligrammes of fresh thyroid tissue per 
mouse per day, is to aecelerate the early growth of the animals without modifi- 
cation of the maximum weight which they ultimately attain. 

2. The discrepancy between these results and those obtained by Cameron, 
employing the rat, may be attributable to one of three causes, namely : 

(a) A specific difference in the reactions of rats and mice to thyroid, 
which may be related to the opposite effects of thyroid upon their 
respective resistances to aceto-nitrile. 

(b 


— 


The difference in the techniques of administration. In Cameron’s 
experiments the dosage was proportioned to the body-weight, and 
therefore increased as the animals grew. In these experiments the 
dosage was constant, and the proportional dosage therefore fell 
as the animals increased in weight. 

(c) A difference in the physiological equivalence of the dosages 
employed, since the mouse, being a smaller animal than the rat, 
has presumably a more rapid metabolism. 

3. Continuous administration of desiccated thyroid tissue in the dosage 
indicated above abbreviates the life-duration of mice to the extent of fifteen 
weeks, or 17% of the normal life-duration. This cannot be attributed to 
toxicity in the ordinary sense, because young animals in receipt of this dosage 
grow more rapidly. The entire life-cycle appears to be accelerated and 
abbreviated. 

4. While a dose of 1 in 10,000 of the body-weight of a desiccated thyroid 
tissue preparation (equivalent to 1-27 times its weight of fresh thyroid tissue) 
was innocuous to young animals, and actually accelerated their growth, this 
dosage administered to older animals (550 days), in conjunction with 15 milli- 
grammes per day of spleen nucleie acid, was very injurious, and the animals 
died much more rapidly than normals of the same age. Death was invariably 
accompanied by very noticeable enlargement of the heart. 

5. Discontinuance of the administration of thyroid to these old animals after 
6 weeks, the administration of spleen nucleic acid being continued, led to a 
decrease of death rate, until at 700 days, the number of survivors became normal 
for that age. Thereafter the viability of the treated animals was increased to 
an extraordinary extent above that of normal animals, the expectation of life 
at 700 days being 172 days instead of 77. Whether this represents purely an 
after-effect of administration of excess of thyroid, or whether the nucleic acid 
was involved in the effect, remains to be ascertained. Experiments are being 
undertaken to elucidate this question. 
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6. Desiccated thymus tissue, when administered in dosage corresponding to 
)-5 grammes of fresh tissue daily, neutralizes the effect of thyroid in abbreviating 
life-duration, so that the life-duration of animals in receipt of both substances 
becomes identical with that of normal animals. The effect of thyroid upon 
growth, however, is not modified. 

7. Spleen nucleic acid in dosage of 15 milligrammes daily slightly 
diminishes the effect of thyroid tissue in abbreviating duration of life. It is 
uneertain whether the effect of thyroid upon growth is modified to any 
appreciable degree. 

8. The effects of thyroid and of nucleic acids upon life-duration, when 
administered together, are additive. That is, the resultant life-duration is 
within 5% of the algebraic mean of the life-durations of the animals in receipt 
of these substances separately. 

9. The variability of the animals is not affected by thyroid, but even when 
thyroid is simultaneously administered, the characteristic effect of nucleic acids 
in enhancing the variability of animals to which they are administered is still 
manifest. 
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Growth of Normal Male White Mice, 1924-27. 
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Growth of Male White Mice Receiving Thyroid, 1924-27. 
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TABLE 3. 
Growth of Female White Mice Receiving Thyroid and Thymus, 1924-27. 
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TABLE 4. 


Growth of Male White Mice Receiving Thyroid and Spleen Nucleic Acid, 
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TABLE 5. 
Comparison of Survival-Curves of Normal White Mice and of White Mice 
Receiving Desiccated Thyroid and Spleen Nucleic Acid 
after 550 Days of Age. 
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ON LYMPHOID TUMOURS OCCURRING IN MICE 


I. THE CHANGE WITH AGE OF THE DIFFERENTIAL WHITE CELL COUNT 
: \ND ITS RELATIONSHIP TO THE INCIDENCE OF LYMPHOID TUMOURS 


by 
F. McCOY HILL 


From the Caneer Research Grant of the Commonwealth Department of Health 
to the Department of Biochemistry and Genera! Physiology, 
University of Adelaide). 


(Submitted for publication 8th February, 1928.) 


In the mice used in the experiments on growth which have been in progress 
in this laboratory since 1920, a peculiar lymphoid growth—or rather a series 
of more or less closely related lymphoid growths—has been the predominating 
form of morbid growth. In an endeavour to classify these growths, series of 
blood counts have been made, which may prove of interest to others working 
with mice. 

As the blood changes might possibly be correlated with the dietaries to 

| which the animals had been subjected, we undertook an investigation on the 
results of blood counts made throughout the vear, both on the experimental mice 
and upon the normal animals used as controls in the growth experiments. 

This stock is a standard strain of pure albino mice, all descended from one 
male and three females purchased in the open market in Sydney in 1920. No 
extraneous strain has been added, nor has any attempt at selective breeding 
for or against malignaney been made to date. All pathological conditions 
appearing in this stock are inbred, as these mice hitherto have been used only 
for experiments on growth, and it was desired for this purpose to obtain a stock 
as uniform as possible. Necropsies have been performed on all mice dying, and 
sections made of any abnormality appearing. The resulting pathological work 
showed the majority of these mice to possess an unstable lymphatic diathesis, 
in no way akin to the Status Lymphaticus of humans, and at autopsy to be 
afflicted with one or another form of these sarcomata-like tumours. It may 
be pertinent to state at this time that carcinoma of the mammary gland has never 
appeared in this strain of mice, and that all other forms of carcinoma oceur in 
less than 3% of the animals. 

The classification of the tissue findings will be published in a subsequent 


paper. 
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Except in a few cases, where the animal was too badly decomposed, the 
whole animal has been preserved in 47 formaldehyde, and is available for 
reference at any time. 

The average blood counts were established on stock mice, the white count 
being between 9,000 and 13,000, under 8,000 and over 15,000 being considered 
pathological counts. On fifty mice taken as standards only one count fell below 
8,000. The average number of red cells was 10,000,000. These average counts 
were made independently, at different times, on different sets of mice, by Dr 
L. B. Bull, Pathologist to the Adelaide Hospital, and ourselves, and the average 
findings were in accord. 

The particular mice used in this work were a group of 216 mice, equal 
numbers of males and females, consisting of N.72 standard normal mice fed on 
the standard diet used in this laboratory, consisting of 1 ec. fresh beaten ege, 
rice cooked in milk, and sterilized maize; and 144 mice, divided into four groups 
of 36 mice each, and fed on the standard diet plus the experimental factor—P 
desiceated thyroid equivalent to 1-9 mg. of fresh gland per mouse per day; R 
desiccated thyroid as in P., plus desiccated thymus equivalent to 0-5 grammes 
of fresh gland; S. desiccated thyroid as in P., plus 15 mg. spleen nucleie acid ; 
and T., 15 mg. spleen nucleie¢ acid. 

The data concerning the comparative growth of these animals are published 
in two papers which appear elsewhere in this issue (1). 

At the beginning of this work (February 1, 1926) groups N., P., and R. 
were 430 days old, and groups S. and T. 360 days old approximately. The 
differential counts proved to be the most necessary factor in defining the patho- 
logical condition mentioned above, and as we desired to lose as little blood as 
possible, owing to any possible influence such loss of blood might exert on the 
growth curves of the animals under experimentation, only differential counts 
were made, and the increase in actual numbers roughly caleulated from the 
miecroseopic fields. The counts were taken every three months, and an average 
of 500 cells counted in normal and at least 1,000 or more cells in abnormal blood. 
The range of the differential count in the ‘‘normal’’ mice was as follows: 

Polynuclears: Basophiles, less than 34%. Eosinophiles, 0-5% to 7% 
Neutrophiles, 20% to 60%. 
Mononuclears: Lymphoeytes, Small, 40°. to 70% ; Large, 4% to 15%. 





ve 


Transitionals, 0:5% to 3%. 

The bloods falling outside this range were considered abnormal. It must 
be recollected, however, that owing to the inbred instability of lymphoid tissues 
in these animals we have no means of telling at how early an age, when the 
animals otherwise appear perfectly normal, the future development of growths 
may not be heralded by alterations of the differential blood-count which would 
be considered ‘‘normal’’ simply because they were so usual among the young 
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and still healthy animals. There is a question, therefore, whether even the range 
indicated above does not include abnormalities prevalent in this strain. In faet, 
a few counts made upon a totally unrelated strain of mice indicate that the 
normal count for them differs widely from that indicated for our experimental 
animals. It does not follow, however, that either range of counts is to be con- 
sidered ‘‘normal”’ for any other strain but that from which it is taken. We have 
used this particular classification of !ymphoeytes as, in view of the peculiar 
pathological condition in which we were interested, these were the cells with 
which we were most concerned. At this time we have not the facilities for 
differentiating the endothelial cells, and many of our so-called ‘‘large lympho- 
cytes’? may fall under this grouping. 

The routine stain used was a modified Wright’s, made in this laboratory 
from Griibler stains. In special cases Giemsa’s was also used. 

The curves (figures 1 to 6) represent the average count of the polymorpho- 
nuclears and the lymphoeytes (large and small grouped together) of each group 
of mice at the average age of such group at the time the bloods were taken. 
The frequency of death curve represents the number of deaths in a period of 
50 days, of which the centre is situated at the points indicated in the diagram. 
That is, the deaths during every 50 days’ period are grouped at the mean date 
between the beginning and the end of the period. 

In view of our inbred condition these counts are of the utmost importance 
in making a differential diagnosis in conditions so closely allied as the true 
leukaemias with or without growths, the lympho-sarcomata with or without a 
persistent thymus, and the leukosarcomata. The true round-cell sarcoma, with 
its peculiar form of invasion of glands and metastases, is very rarely found in 
our mice. As these neoplasms occur in about 60% of our mice the opportunity 
which they afford of differentiating these conditions cannot be over-estimated. 

The maxima in the frequeney of death curves accompany as a rule a drop 
in the lymphocyte curve, with a corresponding rise in the polymorphonuclear 
curve. As the great majority of animals dying at this time (between 80 and 
110 weeks) showed the prevailing type of growth and the high lymphocyte count 
frequently oceurring with it. the return to a more ‘‘normal’’ ratio evidently 
represents a preferential mortality of animals with the high lymphocyte count. 

The later survivors of N @ P.R.T. died of intercurrent infections (without 
the typical growths), with a correspondingly high polymorphonuclear count 
(see Graphs 2, 3, 4. and 6). 

The last survivor of N 2 (figure 1) had the prevailing growth and the 
corresponding blood count. Of the last survivors of Group S., one had an 
infection with a high polymorphonuclear count, one had the typical high lympho- 
cvtosis of this growth (but was too decomposed to post-mortem), and two had 
counts which were not particularly suggestive, although one of these two had 
a growth above the heart; the other was too decomposed to post-mortem. An 














92 F. McCOY HILL 
Ras 


4. won’ exn-2 











*|}—____@_____& 
a3 
i 


ee nie 
~~ OF CEATH 
a + T ieee: T T T a —_ wat — 
40 tI tI) 7 & 9 00 ci 20 GO 140 50 wens 
Figure 1. 
PER CENT OF 
WHITE CELLS 


W. momma 9 26-27 








oj} ——#__#_ 9 


POLY MORPHONUCLEARS 
PER CENT 
OF DEATHS 
“= 
ry) 0 o n» o 86 0 120 wo 


~ 0 Ds 


0 


Figure 2. 


: 


P. mevnow f nas-27 


—— ae 


! 


S 
3 
j 








Figure 3. 








se 








‘QUENCY 


REQUENCY 
* DEATH 


7E QUENCY 
F DEATH 
WEES 








LYMPHOID TUMOURS 93 








PER CENT OF 
| WHITE CLS 
o- R. THYROw AND THYMUS P 1924-27 
| Nee _* POLY MORPHONUCLEARS 
LYMPHOCYTES 
_— agit 
* ii at J 
| \ / 
| d 
« ae 
| i ae ‘\ 
| POLY MORPHOMUCLEARS aa: 
, Ni 
* a ~veihe 
ee * 
| +—_———# 
ol FREQUENCY OF OEATH 
— 7 ———— U u t t 1 u ‘ t . - 
m0 0 “0 50 6 ” 4 90 00 tio Py Go Md) weexs 
Figure 4. 
PER CENT OF 
wwire CEUs 
0 
a S. THROW AND spueeN mucieic acio f 
| : eo UrMPHOCY TEs — 
— i 
: _—— 
| y a a 
POLYMORPHONUCLEARS 
0 eit Pe 
20 OF OEATHS 
I So i, FREQUENCY OF DEATH 
s = at 
} * —— . ——— —_ —— —_—_—_—_— ~- 
a 0 40 50 60 » # 100 Ho 120 (30 140 weexs 
Figure 5. 
PER CENT OF 
WWE CELLS 


s 


T. spugen mucueic aco Q 904-27 


is e ad we ) 
an. cal \ P 


a ; oe % 


+ wa 
eh em rowmonmomcunns =~ 
DEATHS 


98 38g 





Figure 6. 














94 F. McCOY HILL 


eosinophilia was present in many of the bloods in this group (figure 5), disturb- 
ing the rise in the polymorphonuclear curve, which would normally correspond 
with the drop in the lymphocyte curve. 

Reference may be made here to the observation of Turin (2) that adminis 
tration of thyroid to normal human beings leads to a relative increase of lympho 
eytes in the blood. Our results (figure 3) do not lend any support to thi 
finding, but there are three important points of difference between his wor 
and ours: 

(1) Different species of animal used. 

(2) The unstable lymphoid condition present in our mice and absent in the 
human beings upon whom his investigations were conducted. 

(3) Our administration of thyroid being continuous over the whole period 
of the animal’s life, may have given them a chance to accommodate themselves 
while in his experiments the brief administration of thyroid may not hav 
sufficed to extend over the period of accommodation. 

In thyroid-fed mice (Group P, figure 3), the graph affords no evidence 
in support of Turin’s findings. We had no diminution of white cells and no 
relative increase of lvmphoeytes, except such as was common to all the groups 
The approximation of the lymphoeyvte and polymorphonuclear curves at about 
95 weeks was obviously due to the large number of deaths occurring between 
60 and 90 weeks. 

16:6% of all these groups of mice show types of differential counts outside 


‘ 


our ‘‘normal’’ limits, and all but two of these ‘‘abnormal’’ mice showed typical 
lvmphoid growths. Of the remainder 40% to 45% exhibited growths associated 


with blood counts falling within the ‘‘normal’’ limits. 


SUMMARY. 


1. Animals having a relatively high proportion of lymphocytes in the blood- 
stream exhibit a higher mortality than others. In consequence of these deaths 
the relative proportions of lymphocytes and polymorphonuclears among the 
survivors tend to approach one another after a period of high mortality rate. 

2. The various dietary additions employed in these experiments, i.e 
thyroid equivalent to 1-9 mg. of fresh gland per mouse per day; thyroid in 
above dosage, together with dried thymus tissue corresponding to 0-5 grammes 
of fresh tissue per day; spleen nucleic acid in dosage of 15 mg. per day; and 
thyroid in above dosage, together with spleen nuclei¢ acid, exerted no influence 
upon the differential blood counts of the animals to which they were administered 
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THE PREPARATION OF COLLOIDAL LEAD 
by 
Ss. W. PENNYCUICK AND A. E. SCOTT 
(From the Physical Chemistry Laboratory, the University of Adelaide). 


(Submitted for publication 6th February, 1928.) 


During the past twelve months solutions of colloidal lead have been pro- 
pared continuously in this laboratory. During that time more than one hundred 
preparations have been made. As the technique is little known, and is nowhere 
well outlined in the literature, this paper sets out the method of preparation as 
adopted in this laboratory. Information concerning the use of colloidal lead, 
and also methods of preparation, will be found in references 1, 2, 3, and 7. 

It is well known that it is not easy to prepare stable colloid solutions of this 
metal. Martland and Sochocky (4) have prepared stable sols by the catalytie 
reduetion of lead salts. Such preparations, however, can never be freed from 
the electrolytes that accompany their preparation. These electrolytes without 
doubt enter into the structure of the colloid particles, and may thereby confer 
quite unique properties on the colloid system. In faet, these authors found that 
when such sols were injected in the ordinary way, no appreciable amount of 
lead could be found in the tumour. This is in direct opposition to the results 
obtained by Blair Bell, using colloidal lead prepared by the sparking process. 

Numerous organic colloid compounds containing lead, and also other metals, 
e.g., mercury, have been prepared in a more or less stable form, and several of 
these are on the market. The work in this laboratory, however, was largely 
restricted to the preparation of colloidal lead under varying conditions by the 


sparking process. 
MATERIALS AND APPARATUS. 


Pure arsenic-free assay lead was used. The sparking poles were first made 
by moulding lead rods 3 mm. in diameter. Finally, however, it was found that 
equally good poles could be obtained by taking a piece of thin sheet lead, 8 inches 
by 3 inches, and rolling and hammering it into the size and shape of a peneil. 
These poles were then slipped into two insulated handles connected to the source 
of current. , 

A supply of granulated pure lead was also necessary. When this could not 
he obtained, some molten sheet lead was poured slowly into a large beaker of 
ice-cold water. With a little practice it was found possible to obtain quite a 
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serviceable product. The very fine granulated lead was of little use, as during 
the sparking process it tended to melt into a solid cake. 

The gelatin used was free from tetanus spores, and the various salts were 
of A.R. quality. The current was drawn from the 200 v. direct power cireuit 
The quality and the quantity of the product depends materially on the voltage 
and amperage used. Stenstrém and Reinhard (5) give the optimum conditions 
as 220 volts 18 amperes. The best results in this laboratory were obtained b) 
working at about 90 volts when the resistances used gave a corresponding current 
of between 20-25 amps. A very convenient and cheap resistance, which can be 
used directly in the 200 v. power circuit, and from which any required voltage 
can be stepped off, is as follows: 250 vards of iron fencing wire of 14 gauge is 
cut into 14 yard lengths, each having a resistance of } ohm. (Iron wire is not 
only cheap, but it is very efficient, giving a small temperature rise for a given 
eurrent.) These lengths are wound into coils, which are mounted in parallel 
vertical rows on a wooden frame about 4 feet square. A terminal is fixed at the 
bottom of each coil, and the frame is mounted in an exposed position on the wall. 
The power circuit passes directly through the series of coils, and by utilizing 
the terminals any fraction of the resistance can be brought into play, and there- 
fore any voltage can be directly obtained. The maximum voltage obtainable 
from this arrangement proved to be 180 volts. As 90 volts was the most 
efficient for the purpose, half the resistance was cut out. As soon as the resist- 
ance frame warmed up one switched over to the other half of the resistance, 
and so on. 


METHOD OF PREPARATION. 


Lead is one of the metals which cannot be prepared in pure water by the 
Bredig sparking method. If the required sol is to be intravenously injected it 
must be made isotonic, or preferably slightly typertonic, to the blood-stream. 
Hence, even if it could be prepared in pure water, it would need to be peptized 
to make it stable in the presence of the necessary electrolytes. One of the most 
general peptizing agents is gelatin, and it has been shown (1, 2) that if the 
gelatin be added to the water before sparking a lead sol can be obtained which 
is not only relatively stable, but is also peptized against the necessary electro 
lytes. In all our preparations gelatin was the peptizing agent, and varying 
amounts were used. By using high currents (20-25 amps.) the quantity can 
be reduced, and the minimum efficient amount for a strong and stable lead sol 
appears to be 0-4 grammes per 100 ce. solution. Distilled water containing this 
percentage of gelatin, and also 1 ec. of M/4CaCl. per 100 ce. solution, formed 
the initial sparking solution. About 600 ce. of this solution were placed in a 
beaker capable of withstanding moderate shocks, e.g., one or Pyrex or Monax 
glass. Svedberg (6) has shown that for the preparation of colloidal metals it 
is generally advantageous to have the size of the spark as small as possible. To 

















COLLOIDAL LEAD 97 


achieve this end the poles are not sparked directly, but the sparking is carried 
on through a layer of granulated lead in the bottom of the beaker. This layer 
is about one-quarter of an inch deep. The current is thrown on, and then one 
of the lead poles is held continuously in the granular layer, while the other is 
moved by hand to make steady or intermittent contact with the layer. The 
sparking is lively and vigorous, and sometimes violent, and thick black clouds of 
lead are thrown off. The sparks are by no means small, but they are the smallest 
that can be obtained with the high current used. During the operation the 
temperature of the solution rises rapidly. To obviate this the beaker is kept in 
a freezing mixture. This not only prevents boiling, and thus allows a quicker 
preparation, but it was found that by keeping the solution cool stronger sols 
could be made. About 25 minutes of such treatment produces a colloidal lead 
solution containing approximately 0-5 gms. of lead per 100 ee. 

The preparation is now poured into an even number of 50 ec. glass tubes, 
corked, and centrifuged for three minutes at 2,000 revolutions per minute. It 
is then boiled in a Wurtz flask, and the froth allowed to stream off through the 
side tube. It is then made hypertonic by the addition of 5 ee. of a standard 
solution for 100 ee. of sol. A convenient standard solution for the purpose is 
the following: (A), NaCl — 320 g.p.l.; (B), KCl — 54 g.p.l.; (C),CaCl,— N/2; 
mix 700 ec. of (A), 100 ce. of (B), and 200 ee. of (C). After the addition of 
the standard the solution is reboiled, a two-holed cork with the necessary glass 
tubing is inserted, and the sol is blown over into a sterilized receiver. The latter 
is filled to the top, and the cork waxed in. These sols are very unstable when 
exposed to the air, but on bottling them in the above way they can be kept 
for weeks. 

The instability of the exposed sol can be well shown by pouring a little on 
to a watch-glass, when in a few minutes it becomes quite white. Tests showed 
that this was a direct oxidation, and had nothing to do with the CO, of the 
atmosp ere. It is obvious then that the method of preparation, which allows 
ready access of oxygen to the lead, must result in quite a large production of 


the oxide. 


ESTIMATION OF THE LEAD. 


The colorimetrie and the gravimetric methods were both used. The latter, 
where the lead is first dissolved in acetie acid and then thrown out as the 
chromate, is the more accurate. Owing to the time necessary for this method 
of estimation, it was only used as a check on the easier and quicker colorimetric 
method, and also to give some idea of the error involved in the latter method. 
The colorimetric method is sufficiently accurate for all ordinary purposes, and 
in addition to its simplicity it requires only a small quantity of material. One ce. 
of the preparation is carefully measured out and dissolved in glacial acetic acid, 
after which the volume is made up to 50 ee. Two ce. of a solution of hydrogen 
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sulphide are then added, and the colour compared with that obtained with a 
standard solution containing 1 milligramme of lead per ce. In the case of the 
standard the addition of 2 drops of the original sparking solution facilitates 
comparison. 

The strongest sol prepared in this laboratory contained 0-6% lead. It was 
the practice, however, to prepare sols of approximately 0-45% by dilution 
stronger) with the original sparking solution. 


THE STABILITY OF THE SOLS. 


Although it is generally stated that colloidal lead solutions are so unstable 
that they cannot be kept, the writers are of the opinion that these sols retain all 
their properties over a period of weeks, and even months, provided that air, 
oxygen, and other substances affecting their stabiltty are rigidly excluded. A 
quantity of the colloid was prepared on June 10, and the concentration of the 
lead estimated gravimetrically as chromate. It showed -372% lead. It was then 
stored in a tightly stoppered (waxed) bottle until July 16, when it was opened 
and the contents centrifuged for three minutes at 2,000 r.p.m. The concentra 
tion of the lead was then estimated as -368%>. The remainder was stored in a 
smaller bottle (in order to completely fill it), and the procedure repeated eleven 
days later. It showed -359% lead. Twenty-one days later it showed °352%. 
Two further samples were subjected over a period of three weeks to conditions 
which might reasonably be met with in the transport of the material. The lead 
concentrations showed practically no alteration. It may be concluded, therefore, 
that the preparations according to the above method are quite stable when 
properly sealed, and should be suitable for transport. Lead sols have been kept 
in these laboratories over a period of four weeks, then recentrifuged, reboiled, 
and rebottled. They have been used clinically, and certain evidence indicates that 
their clinical value may be improved by this treatment. 

The authors are indebted to Dr. Brian H. Swift for supplying the informa- 
tion which started this work. 


SUMMARY. 


Full details are given of the preparation of the samples of colloidal lead 
which have been used in Adelaide in the treatment of cancer during the past 
twelve months. 

Very pure samples, prepared in the presence of nitrogen, proved to be less 
effective in producing the results described by Blair Bell than those prepared by 
the ordinary exposed method. It is concluded that the presence of a certain 
percentage of the hydroxide in the lead sol is of fundamental importance. 

It is claimed that the colloidal lead, when prepared as outlined, and when 
bottled out of contact with air, remains perfectly stable over a period of several 
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weeks. Such aged samples should-be re-centrifuged and re-boiled before use, 
when they are neither dangerous nor inferior. 
The results obtained with this preparation are indefinite, and its utilization 


must be considered as still on trial. 
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